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Abstract 
 
A Brain-Targeted Teaching Framework: 
Modeling The Intended Change In Professional Development  
To Increase Knowledge Of Learning Sciences Research And  
Influence Pedagogical Change In K-12 Public Classrooms 
Tara L. Parr 
Chairperson: Kristen Betts 
Research in the learning sciences continues to evolve with ongoing technological 
advancements that allow for a deeper understanding of brain function.  Studies of brain activity 
are being used to explore, classify, and explain learning processes.  The benefits of such 
research can serve to inform and guide education in ways previously not possible.  However, 
disconnectedness between science and education creates a barrier to the improvement of 
pedagogy.   Educators’ lack of knowledge and understanding of brain-based research and its 
implications can stifle the necessary evolution of learning in the classroom.   
The purpose of this explanatory sequential mixed methods study was to explore the integration 
of the Brain-targeted Teaching (BTT) Model in professional development for educators and to 
examine the subsequent transference and pedagogical influence in the classroom. Data 
collection methods included a pre-session and immediate post-session survey, as well as a 
follow up delayed post-session survey and semi-structured interviews 4-6 weeks after the 
learning session. 
Forty-four K-12 public school educators participated in the study.  Analysis of data yielded 
three major findings substantiated by sub-findings.  The study suggested an increase in 
 iv 
educator awareness and knowledge of BBL and BTT concepts as well as an increase in 
application of BTT strategies in the classroom. The keys findings and results emphasized the 
need for a deeper partnership between the science of learning and practical experiences in the 
classroom. The convergence of science and education is a necessary partnership as learning 
sciences research continues to expand and inform the design of instruction.    
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Chapter 1: Introduction to the Research 
Introduction to the Problem 
Professional development has long since been a cornerstone of teaching and learning.  
Its purpose is to promote the utilization of effective pedagogy thus stimulating student growth 
and achievement. Aimed at providing educators with opportunities to explore best practice and 
current trends, professional development can have a profound impact on student achievement.  
Quite simply, research maintains that when educators learn, students learn (Desimone, 2011; 
Kuijpers, Houtveen, & Wubbels, 2010; Webster-Wright, 2009).  
The current state of professional development, however, is a cause for concern as its 
design is often contradictory to the result it is intended to yield.  Too often, professional 
development is structured ineffectively leaving educators to question the value of their 
experiences.  Research estimates that approximately 90 percent of professional development is 
conducted in traditional workshop-style lecture-based training sessions (Gulamhussein, 2013a; 
Hughes, 2015), a method found to have little impact on influencing practice and thus, little 
effect on student achievement (DeMonte, 2013). Further, research indicates that professional 
development rarely moves beyond traditional, teacher-centered methods while simultaneously 
advocating for the use of learner-centered strategies in the classroom (Gulamhussein, 2013b).  
Instead, professional development should be conducive to the change the learning is designed 
to bring about (Hull, 2003).  Ultimately, professional development should model research-
based teaching and learning strategies ensuring success for educators as learners as well as 
instructional leaders.  
Over the past 20 years, researchers have compiled a consensus of characteristics 
indicative of effective learning experiences for educators (Caine & Caine, 1991; Cohen & Hill, 
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2001; Cram & Germinario, 2000a; Darling-Hammond et al., 2009; Desimone, 2011; Penuel, 
Fishman, Yamaguchi, & Gallagher, 2007; Piaget, 1954; Rushton, Eitelgeorge, & Zickafoose, 
2003; Sparks & Hirsh, 1997).  Their collective lists indicate the following as necessary in the 
design of effective professional development experiences: 
• meaningful content; 
• active engagement; 
• collaborative opportunities;  
• coherence with school curricula and policies; and 
• sustained, continued efforts.  
These characteristics align with current advances in the learning sciences such as neuroscience 
and cognitive development. Research in the areas of neuro and cognitive science, as well as 
other learning science disciplines, have revealed much about functions of the brain, thus 
igniting a resurgence of interest in activities of the brain in relation to learning.  Neuroscience, 
the study of the brain, has expanded in recent years with the advent of sophisticated technology 
making possible the opportunity for in-depth examinations of brain activity. Katzir and Pare-
Blagoeb (2006) explain, “Neuroscience research allows for the generation of new hypotheses 
that could not be generated without some knowledge of the brain” (p. 70).  More recently, 
studies of brain activity are being used to explore, classify, and explain learning processes 
thereby offering valuable insights for reform in K-12 public school settings (Weigmann, 2013). 
As such, the convergence of education and research from learning sciences is a natural 
progression.  
While studies of the brain can have significant implications for teaching and learning 
approximately only one percent of educators claim to have a clear understanding of how the 
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brain learns, retains information, and responds to new knowledge (Jensen, 2008b).  Educators’ 
lack of knowledge and understanding of brain-based research and its implications can stifle the 
necessary evolution of learning in the classroom (Stein & Fischer, 2011; Willis, 2012). Wolfe 
(2006) stresses that by studying the brain educators possess an “unparalleled opportunity to 
build a scientific foundation for educational practice which will allow us to make more 
informed decisions” (p. 12).  For example, research in the 1960’s contested the idea of the 
brain as unalterable (Diamond, 2001; Diamond, Krech, & Rosenzweig, 1964), and provided 
the groundwork for further examination of the brain as a plastic organ that is strengthened with 
repeated use and experience (Fischer, 2008; Gogtay et al., 2004; Shonkoff & Phillips, 2000).  
Discoveries such as this continue to promote the examination of learning through a neuro and 
cognitive science lens often collectively referred to as brain-based studies. 
Brain-based studies assist in identifying optimal strategies, assessment, and learner 
engagement, thus inspiring educators to consider a framework embracing brain-based 
strategies to promote learning success for students.  The Brain-Targeted Teaching (BTT) 
Model (Hardiman, 2003), developed by Dr. Mariale Hardiman, embodies the alignment of 
research and practice and is designed to utilize research-based teaching strategies steeped in 
neurological and cognitive science findings which promote learning and enhanced student 
outcomes.  Furthermore, it provides educators with a cohesive framework for fragmented 
principles and concepts of brain education.  The BTT Model provides: 
A pedagogical framework that seeks to bridge research and practice by providing 
educators a cohesive, usable model of effective instruction informed by finding from 
the neurological and cognitive science…it is a framework intended to help educators 
acquire and apply sound scientific knowledge to further pedagogical skills so that all 
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students can become creative and innovative thinkers and learners. (Hardiman, 2012a, 
p. 11) 
The BTT Model identifies six focus areas conducive to effective learning environments 
(Hardiman, 2012b). The six interrelated focus areas, also referred to as brain-targets, include: 
• Brain-Target One: Emotional Climate; 
• Brain-Target Two: Physical Environment; 
• Brain-Target Three: Learning Design; 
• Brain-Target Four: Teaching for Mastery; 
• Brain-Target Five: Teaching for Application; and 
• Brain-Target Six: Evaluating Learning. 
The BTT Model maintains the importance of learners demonstrating mastery and applying 
creative problem-solving skills.  Furthermore, the strategies outlined for use in the classroom 
are designed to support each of the six areas.  
This study examined the impact following professional development designed to 
inform about brain-based concepts while implementing a BTT Model.  Specifically, the study 
examined the impact on educator awareness and knowledge of brain-based concepts for 
teaching and learning as well as the influence on educator’s pedagogy in the classroom.  
Professional development, notes Harwell (2003), “in which participants are given the 
opportunity to learn new classroom practices in the contexts within which those practices will 
be used is far more effective than more traditional methods of professional development” (p. 
7). By infusing professional development with the six focus areas of the BTT Model, the 
professional development experience was designed to deepen and extend the awareness and 
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knowledge of brain-based concepts and the BTT Model for educators and thus increase their 
use of BTT strategies in the classroom. 
Statement of the Problem  
Stein and Fischer (2011) identify the disconnectedness of science and education as a 
major barrier to the improvement of educational practices. They advise, “the framing of 
educational problems and the implementation of proposed solutions require the collaboration 
of educators and students with scientists” (p. 59).  However, while educators in the K-12 
environment play a significant role in student learning they do not understand the impact of 
research from the learning sciences in the classroom nor are they prepared to fashion effective 
environments for students aligned with research from neuro and cognitive sciences (Hardiman, 
2012b; Willis, 2012).  Often, Hardiman (2010) shares, educators commonly struggle to 
understand how to implement newly acquire information.  
Effective professional development designs afford educators the opportunity to assume 
the role of learner in an environment best suited to support discoveries in the learning sciences. 
In other words, to properly prepare for the instructing of students, educators must first 
experience the processes of acquiring, interpreting, managing, and applying new knowledge to 
gain understanding (Stein & Fischer, 2011; Willis, 2010).  For example, professional 
development that models the intended outcome allows for the opportunity to strengthen 
knowledge of content while simultaneously experiencing applicable instructional practices 
intended for the classroom as a learner (Barlow, Frick, Barker, & Phelps, 2014; Cohen & Hill, 
2001; Donnelly & Argyle, 2011).  Effective professional development “encourages teachers to 
involve themselves as learners- in much the same way as they wish their students would” 
(Lieberman, 1995, p. 592).   
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Purpose and Significance of the Problem 
This purpose of this study was to examine if the modeling of BTT strategies in 
professional development changed educators’ awareness and knowledge levels of brain-based 
teaching and learning concepts as well as impacted future pedagogy in the classroom.  The 
goal of the professional development experience was threefold in that it: (a) provided educators 
with brain-based research information with implications for teaching and learning, (b) afforded 
an opportunity for educators to experience a BTT model as learners, and (c) modeled the BTT 
framework for use in the classroom.  This study sought to identify the level of educator 
awareness and knowledge regarding brain-based teaching and learning concepts. In addition, 
this study examined the impact of the educator’s experience as a learner engaged in BTT 
strategies on pedagogy in their classroom. Data collection methods included a pre-session and 
immediate post-session survey, as well as a follow up delayed post-session survey and semi-
structured interviews 4-6 weeks after the professional development (PD) learning sessions. 
This study was significant in that considered the convergence of two important 
elements for teaching and learning.  The two elements include the effect of professional 
development on pedagogy and the immersion of research findings from the learning sciences, 
via the BTT Model, in the classroom.  In an effort to educate teachers about this research, 
including how to apply strategies in the classroom to support the findings, this study integrated 
BTT strategies into professional development. Specifically, the researcher sought data 
supporting professional development that models BTT as a means to promote awareness and 
knowledge of brain-based concepts for teaching and learning as well as influence a shift in 
classroom pedagogy to include the incorporation of BTT strategies. There is an absence of 
literature currently examining the convergence of professional development and the BTT 
 7 
Model.  Data gathered from this study served to influence further advances in professional 
development.  
Research Questions 
This study, both quantitative and qualitative in nature, was guided by the following 
research questions:  
• To what extent are educators aware of current research in the learning sciences as it 
pertains to teaching and learning? 
• Is there a difference in educators’ level of knowledge of research from the learning 
sciences regarding teaching and learning following a professional development 
session focused on brain-based concepts for teaching and learning? 
• How do educators describe the impact of professional development that models the 
use of brain-targeted teaching strategies on their classroom practices? 
• To what extent do educators apply brain-targeted teaching strategies as part of their 
pedagogy following professional development that exemplifies the Brain-Targeted 
Teaching Model? 
The Conceptual Framework 
Researcher Stances and Experiential Base  
Recent research in the learning sciences not only reveals several characteristics 
necessary to effective learning environments, it also contends that the characteristics are 
applicable for learners of all ages (Rushton et al., 2003).  Demonstration, a strategy appropriate 
for adult learners, is a cornerstone for learning as it provides a model for observation as well as 
opportunity for experience of the intended outcome (Cambourne, 2000). Thus, the author of 
this study echoes a question posed by Tate (2012), “Wouldn’t it make sense for those who 
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facilitate professional learning…to model the same strategies and practices during the learning 
opportunity that they would expect their participants to use with their own students?” (p. xiv).  
Therefore, this study assumed a constructivist view of knowledge acquisition maintaining that 
learners learn by doing. Piaget (1954), credited as an early proponent of constructivism, 
maintained that learners build knowledge through a process of interaction, reflection, and 
active response. Further, researchers propose that understanding is achieved as learners engage 
and use cognitive processes within the context of their environment (Piaget, Inhelder, & 
Weaver, 1969; Vygotsky, 1978). The researcher of this study explored the value of 
professional development that modeled the intended change. 
As stated by Brown (1997), “It's never enough to just tell people about some new 
insight.  Rather, you have to get them to experience it in a way that evokes its power and 
possibility” (p. 216).  Poorly designed, ineffective professional development can put the future 
of education at risk. The author’s epistemological view of knowledge acquisition aligns with 
the constructivist theory of making meaning thorough active participation. The constructivist 
view firmly maintains that by interacting with knowledge learners can greatly increase their 
understanding of said knowledge while also building upon inherent views.  Explained by 
Rushton, et al. (2003), constructivist learners “attempt to make sense of the world around them 
and their experiences by synthesizing the present moment, skill, or concept being taught with 
their own prior knowledge, conditions of learning, and mental understandings” (p. 11).  Brain-
targeted teaching and learning mirrors the tenets of the constructivist theory of learning 
whereas the educator maintains the role of a facilitator or guide, creating meaningful 
opportunities for students to actively engage in their learning. This study aimed to explore the 
convergence of BTT strategies for professional learning.  
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Conceptual Framework 
 The following chapter explores three literature streams: (a) the role of professional 
development in teaching and learning, (b) brain-targeted concepts and implications for 
teaching and learning, and (c) the convergence of the two in considering BTT strategies as a 
basis for professional development (see Figure 1). Specifically, the focus is on current trends in 
professional development and why alignment with best practices for brain-targeted instruction, 
namely the BTT Model, will support optimal learning for students in K-12 schools.  
Figure 1. Conceptual Framework for Chapter 2 by Tara Parr  
The first stream explores professional development as a cornerstone for teaching and 
learning, specifically for student growth and achievement.  Further, the design of professional 
development and characteristics of an effective framework is examined. The second stream 
focuses on brain-targeted concepts of teaching and learning, including an in-depth look at the 
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six areas of Hardiman’s Brain-Targeted Teaching (BTT) Model and how it can serve as a 
foundation for learning. The final stream considers how infusing BTT in professional 
development can play a vital role in student growth and achievement in the classroom.   
Definition of Terms 
Brain-based Learning (BBL):  principles derived from understanding the processes of 
the brain based on research derived from a collaboration of disciplines including, but are not 
limited to: cognitive neuroscience, social neurosciences, biology, and artificial intelligence 
modeling (Jensen, n.d.).  
Brain-Targeted Teaching Model (BTT): developed by Dr. Mariale Hardiman, the BTT 
is a framework designed as a bridge between research and practice to further “pedagogical 
skills so that all students can become creative and innovative thinkers and learners” (Hardiman, 
2012a, p. 11). 
Dendrites: the thin branch-like extensions of a neuron. 
Learning Sciences: interdisciplinary field of research that aims to improve instructional 
methodologies via a firm understanding of learning and learning innovations (OECD, 2008). 
Modeling: an instructional strategy in which educators demonstrate a new concept, 
strategy, or approach to learning and students learn by observing 
Neuron(s): nerve cells that transmit nerve signals to and from the brain at up to 120 
m/sec, or more than 200 mph. 
Neuroplasticity (brain plasticity): changes in neural pathways as a result of daily 
experiences.  As part of learning the brain continually reshapes itself while adapting to its 
environment.  
Neuroscience: study of the structure and function of the brain 
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Pedagogy:  the art, science, or profession of teaching 
Professional Development: intensive approach to improving teachers effectiveness in 
furthering student performance and raising student achievement (National Staff Development 
Council, 2001). 
Professional Learning: an extension of professional development whereas educators 
assume the role of active partner in determining content for learning and how learning occurs.  
Further, educators reflect upon their experience and play a role in evaluating effectiveness.  
(Learning Forward, Killion, Crow, & National Staff Development Council, 2011)  
Sit n’ git: a method of traditional-type teaching and learning whereas participants 
receive information via lecture or presentation.   
Traditional Teaching and Learning: also thought of as the “transmission” model of 
learning.  A method of instruction focused on a teacher-centered environment whereas 
information flows in one direction: from the teacher to the student.  Students are expected to 
retain information via note-taking, memorization or general absorption of information (Novak, 
2010). 
Assumptions, Limitations, and Delimitations 
Assumptions 
The researcher assumed several features existent for each participant.  First, educators 
would thoughtfully and truthfully responded to close-ended and open-ended questions.  
Second, educators participating in this study were open to exploring and implementing 
pedagogy based on current research in the learning sciences. Third, the researcher assumed that 
all participants have varying degrees of personal experience in delivering content via 
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traditional teaching methods as well as in receiving content via traditional teaching methods as 
part of professional development.  
The researcher also assumed the constructivist stance that learners learn best by doing 
and through experience.  As per the constructivist theory, optimal opportunities for learning 
included interaction with information, time for reflection and making meaning.  
Limitations 
There were limitations and considerations for this study. Participation in the study was 
open to all K-12 educators in a public school district.  Given that all participants were from the 
same school district, the researcher recognized that participants regularly experienced similar 
district leadership views and goals.  As a result, participants may have been pre-programmed in 
their beliefs and expectations regarding teaching and learning. 
Another limitation recognized in this study was possible researcher bias as the 
researcher also served as the facilitator of the learning session.  The researcher is the only 
trainer in-district for topics of brain-based teaching and learning and thus, assumed 
responsibility for the design and delivery of the learning session.  The researcher remained 
mindful of biases that could potentially guide the study and thereby affect the outcome.  As 
noted by Creswell (2014), integral to this study was the expectation that the researcher would 
set aside experiences and perceptions to maintain objectivity. 
This study relied heavily on the reflective experiences of the participants.  Their 
perceptions of themselves as educators, perceptions of changes in their pedagogy, and 
perceptions of changes in the students as a result of the pedagogical changes may have been 
influenced by intrinsic limitations.   The researcher recognized that participants’ self-reporting 
may contain bias that could potentially impact their responses to survey and interview 
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questions.  In addition, areas of the qualitative study relied upon participants’ subjective 
perceptions in self-reporting observations regarding changes in student behavior in relation to 
changes in educator pedagogy.  These changes were descriptive in nature and though there may 
be a measurable change the researcher is solely reporting the participants’ observable change.  
No manner of validation, for example an objective measure, will be employed to determine if 
there is a relationship between participant changes to pedagogy and changes in student 
behavior. 
Delimitations 
 This study was based on non-traditional teaching and learning methodologies.  It did 
not include a comparison group whereas participants experienced professional development 
using traditional teaching and learning methodologies. 
Summary 
In summary, current research and literature indicates a strong need for the continued 
relationship between learning sciences research and teaching and learning (Bertucci, 2006; 
Fischer et al., 2007; Goswami, 2006; Hardiman, Rinne, Gregory, & Yarmolinskaya, 2012; 
Katzir & Pare-Blagoev, 2006; Rushton et al., 2003), thus, solidifying a place for furthering of 
brain-based concepts in K-12 education. This study advocated for a reform in educational 
practice that embraces BTT models for all learners including school-age students and adults as 
part of professional development. In addition, it suggested that the role of the educator as 
learner continually evolves. Conducting professional development in a manner that emulates 
BTT strategies can aid educators in recognizing possibilities for teaching and learning. 
Understanding and examining the experience of educators following applicable professional 
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development can aid in determining necessary steps to guarantee the role of BTT environments 
for all learners.   
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Chapter 2: Literature Review 
Introduction to Literature Review  
Professional development plays a vital role in teaching and learning; when educators 
learn, students learn (Desimone, 2011; Kuijpers et al., 2010; Webster-Wright, 2009).  
Organized as a means to explore best practice and current trends, the overall goal of 
professional development is to impact classroom pedagogy and thus increase student learning.  
However, to talk about learning is to talk about the brain and brain function; accordingly, 
professional development should naturally address processes such as how the brain receives, 
retains, and interprets information. As such, the convergence of learning sciences and 
education is a natural progression.  
The relatively new field of the learning sciences has emerged as an interdisciplinary 
study combining cognitive science, educational psychology, sociology, and neuroscience to 
investigate learning.  Research in the learning sciences has revealed valuable insights for 
consideration in K-12 classrooms, identifying best practice for instruction, assessment, and 
learner engagement (Geake & Cooper, 2003; Weigmann, 2013).  Yet, though findings in the 
learning sciences can potentially have a positive impact on learning, approximately only one 
percent of educators surveyed prior to brain-based workshops claim to have a clear 
understanding of how the brain learns (Jensen, 2014a).  The Brain-Targeted Teaching (BTT) 
Model (Hardiman, 2010), developed by Dr. Mariale Hardiman, aligns with theories of teaching 
and learning put forth via the research of the learning sciences.  The BTT Model provides a 
framework for educators in not only understanding how the brain learns but also how educators 
can optimize their instruction to promote brain-targeted learning experiences.  
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The purpose of this literature review was to explore two vital education topics in K-12 
schools and how the two can converge to optimize student learning.  The three literature 
streams explored are: (a) effective professional development for teaching and learning, (b) 
brain-targeted education and implications for learning, and (c) the convergence of the two, 
considering brain-concepts and strategies in the design of professional development. 
Specifically, the focus was on current trends in professional development and why alignment 
with best practices for brain-targeted instruction, namely the BTT Model, will support optimal 
learning for students in K-12 public schools. 
The first literature stream explored professional development as a cornerstone for 
teaching and learning to promote increased student growth and achievement.  Further, the 
characteristics of effective professional development, including transitioning from professional 
development to professional learning, are examined. The second stream focused on research 
findings in the learning sciences, such as neuroscience and cognitive development, regarding 
how learning occurs.  This stream explored best practice in support of brain research including 
an exploration of the BTT Model and how it can serve as a foundation for learning. The final 
stream considered the infusion of the BTT Model in professional development and the vital 
role it can play in not only increasing awareness and knowledge for educators but also in 
encouraging transference via the modeling of the BTT Model in professional development.  
Professional Development, K-12 
Professional development is considered effective when the outcome is student 
achievement (Kuijpers et al., 2010).  Thus, the advent of effective professional development 
can have a significant impact on teaching and learning (Bright Bytes, 2016).  Researchers 
identify elements necessary to the design of effective professional development experiences.  
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Characteristics of Effective Professional Development 
Research examining professional development identifies several elements necessary in 
creating effective experiences.  As per a report by the Center for America Progress, 
professional development is most effective when it includes the following five characteristics 
(DeMonte, 2013): 
1. Alignment with school goals, state/district standards, and other concurring 
professional development; 
2. Focus on both curricula and pedagogy – including modeling of teaching strategies; 
3. Occurrences for active learning; 
4. Collaboration opportunities with other educators; and 
5. Dedication to on-going development and continual feedback. 
A body of research reveals additional core features necessary in the design of effective 
professional development.  The features include group interactions and self-reflections 
(Crowley, 2013; Harwell, 2003; Huebner, 2009), opportunities for collaborative problem 
solving in pursuit of common instructional and pedagogical goals (Butler, Lauscher, Jarvis-
Selinger, & Beckingham, 2004), support and promotion of self-regulated learning (Butler et al., 
2004), and authentic experiences and exploration of constructive strategies (Webster-Wright, 
2009).  In addition, the design should be learner-centered whereas in the instance of 
professional development the educator assumes the role of learner (Dunn & Rakes, 2011).   
Adopting the work of Guskey and Sparks (2002), Learning Forward, a professional 
learning association formerly known as the National Staff Development Council, lists three 
major foci of professional development that contribute to effective educator learning 
experiences (Learning Forward, 2011).  The characteristics, considered the where, what, and 
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how of professional development, are: the context in which the learning occurs, the content of 
the professional learning activity, and the processes used to communicate the content.   
Learning Forward (2011) advises that, in conjunction with the context, content, and 
processes, professional development can survive only within an environment possessing a 
shared vision.  The shared vision must be conducive to the proposed learning experience, 
subsequent change, or improvement with buy-in from stakeholders such as educators and 
members of the administrative team. When guided by the above, professional development can 
provide meaningful learning experiences for educators (Guskey & Sparks, 2002; Learning 
Forward et al., 2011).   
Professional Development and Professionalism 
Professional development is deeply steeped in professionalism (Fullan, 1993).  
Meaning, there is an implicit commitment on the part of educators to adopt the role of life-long 
learner. Life-long learners understand and reflect upon their own learning process and remain 
open to a set of processes including the ability to learn, unlearn, and relearn (Crowley, 2013). 
Professional development designs, though planned with the best of intentions, often fall 
short in both methodology and delivery approaches (Desimone, 2011; Hull, 2003; Sparks, 
2003). In response, and in an effort to combat negative experiences, traditional professional 
development has evolved into the complex concept of professional learning.  Whereas 
professional development formerly implied training in which a program developed passive 
educators, alternatively professional learning encourages active learning and participation on 
the part of the educator (Easton, 2008).  In addition, professional learning is considered a 
journey, an ongoing process of inquiry, collaboration, and reflection interspersed with 
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“learning activities and programs designed to enhance their professional knowledge, skills, and 
attitudes” (OSE, n.d., p. 1).  
Learning Forward released a set of prerequisites and standards for professional learning 
in 2011. The prerequisites, centered on qualities of professionalism, include educators’ 
commitment to all students, dedication and readiness to learn, realization of both individual 
and collective implications for success in the form of collaboration, and an understanding that 
educators-as-learners are diverse which impacts styles and timelines (Learning Forward, 2011).  
Outlining the characteristics that lead to “effective teaching practices, supportive leadership, 
and improved student results” (Learning Forward et al., 2011), the standards are rooted in 
seven areas including learning communities, leadership, resources, data, learning designs, 
implementation, and outcomes.  Each standard is detailed in Figure 2.  
Professional learning as an ongoing process, not a one-time event such as a seminar or 
pullout, empowers educators to succeed, continually reflect upon their own learning and 
actions, and, ultimately, evolve and grow (Hull, 2003). One-time events, also considered 
traditional methods, can be successful in disseminating information but overall provide little 
direction for application of new learning in the classroom (Hull, 2003).  In an effort to improve 
pedagogy and promote teacher learning, those shaping professional learning, most often 
educational leaders, must realize their pivotal role and the impact high-quality experiences can 
have on teaching (Sparks, 2003).  There are many challenges and considerations in developing 
a high-quality program yet ignoring the challenges in favor of easier one-time methods can 
have little to no effect on changing what happens in the classroom (Hull, 2003); in other words, 
designing opportunities allowing for the unfolding of learning as a process is well worth the 
time dedicated to planning and execution.   
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Figure 2.  Standards for Professional Learning.  Reprinted from “Standards for Professional Learning: 
Quick Reference Guide,” by Learning Forward, Copyright 2011 by Learning Forward 
Educators As Learners 
Effective professional development designs reflect the complexity of an educator, one 
who teeters between the role of educator and learner.  To understand new concepts, one must 
first take on the role of learner before effectively assuming the role of teacher (Niederhauser & 
Wessling, 2011).  With today’s constant access to information, teachers and learners, and 
subsequently teaching and learning, are no longer distinctly separate roles (Battro & Fischer, 
2012). Therefore, authentic experiences are necessary for all learners for fostering successful 
learning experiences, teachers and students alike (Niederhauser & Wessling, 2011).  Active 
learning allows for involvement in one’s own learning with authentic experiences driving 
success (Desimone, 2011).  These elements of professional development resonate with those 
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prescribed in support of constructivist views and brain-based education. Principles such as time 
for learning, repetition, reflection, and emotional security are echoed.  
Professional Development and Student Outcomes 
Professional development provides opportunities for educators to expand upon their 
craft, exploring both best practices for teaching and learning and current trends. The literature 
suggests that effective professional development is key to improving student results (DeMonte, 
2013; Desimone, 2011; Kuijpers et al., 2010; Webster-Wright, 2009); and, further, the quality 
of instruction in an education setting positively correlates to high levels of student achievement 
(Kuijpers et al., 2010).  Overall professional development experiences incorporate both a 
meaningful framework as well as address core elements identified for effective professional 
development. Researchers advocate that the inclusion of the three characteristics of 
professional development as well as the integration of elements for effective professional 
development, both outlined above, can result in educator learning and subsequent positive 
impact on student outcomes (DeMonte, 2013; Desimone, 2011; Kuijpers et al., 2010; Webster-
Wright, 2009). 
According to Desimone (2011), effective professional development, aimed at the 
ultimate goal of improving student outcomes, follows these four linear steps:  
1. Teacher experiences professional development; 
2. The experience increases the teacher’s knowledge and skills, influencing 
beliefs/attitudes; 
3. The teacher uses their newfound knowledge, skills, and beliefs to inform pedagogy 
and instruction of content; and 
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4. Students’ learning increases as a result of the pedagogical and instructional 
changes.   
Similarly, Learning Forward (2011) outlines a positive relationship between development 
learning and student progress resulting in the following productive cycle:  
When educators’ knowledge, skills, and dispositions change, they have a broader 
repertoire of effective strategies to use to adapt their practices to meet performance 
expectations and student learning needs. When educator practice improves, students 
have a greater likelihood of achieving results. When student results improve, the cycle 
repeats for continuous improvement. (p. 2) 
Learning Forward’s cycle of professional learning and student learning is not only 
continuous but also reciprocal in nature with each element remaining dependent on the others.  
Conversely, if an educator is not achieving their desired result, they may change their practice, 
thus, motivating a change in their knowledge, skills, and dispositions (Learning Forward, 2011; 
Opfer & Pedder, 2011).  Continued focus on student outcomes as part of professional 
development supports not only an increased likelihood of changing educator practice but also 
the probability of increased student success (Learning Forward et al., 2011).  Focus on 
research-based effective practices, for example brain-based strategies for learning, can assist 
educators in framing successful experiences to ensure learner success.   
Brain-Based Teaching and Learning  
The 1990’s, dubbed as the decade of the brain (Sousa, 2001), flourished with studies 
centered on how the brain works.  In 1991, Caine and Caine revealed, “Brain research 
established and confirms multiple complex and concrete experiences are essential for learning 
and teaching” (p. 5). In 1993, Harvard established an initiative called Mind, Brain, and 
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Behavior to focus on the influence of research emerging from the neuro and cognitive sciences 
(Schwartz, 2015).  Popular magazines featured influential articles reflecting on brain studies, 
for example Newsweek’s cover story featured the title Your Child’s Brain (Begley, 1996) and 
Time Magazine’s special report, How Your Child’s Brain Develops, complete with an article 
titled Fertile Minds (Nash, 1997), inspiring further societal interest.  Gardner (1999) wrote that 
the brain is constantly changing based on the input of stimuli from the environment; in fact, his 
theory of multiple intelligences was based on findings from neuroscience research (Gardner, 
1999).  Kovalik and McGeehan (1999) developed a model for learning based on the idea of a 
body-brain partnership. They asserted that these principles were conducive to optimal 
instruction for learning in both child and adult learners (Kovalik & McGeehan, 1999).  These, 
and other studies executed during the decade of the brain, provided a foundation for future 
research. 
Nearly twenty years later, functions of the brain as the learning organ continue to be 
discussed and explored with each new discovery revolutionizing implications for education 
(Jensen, 2010; Licari, 2015).  A newer arena, learning sciences, emerged in the early part of the 
21st century as a leading field in studying brain function as it relates to teaching and learning 
(Sawyer, 2006). The sciences of learning include cognitive science, educational psychology, 
computer science, and neuroscience. The International Society of Learning Sciences (n.d.) 
further describes the work as the study of  “learning as it happens in real-world situations” with 
a focus on “how to better facilitate learning in designed environments”.  
Research in the learning sciences has contributed to the advancement brain-based 
theories and principles. For example, neuro and cognitive science, defined respectively as the 
study of the nervous system and the study of cognition or thought, are fundamentally similar in 
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that they both examine brain activity.  The convergence of the two, as well as other 
contributing learning sciences fields, have afforded educators an opportunity to explore the 
why behind what works in the classroom (Nathan & Wagner Alibali, 2010).  Contrary to the 
past where non research-based concepts of tradition, trial and error, and intuition drove 
instructional pedagogy (Erlauer, 2003), the learning sciences are providing a scientific basis for 
understanding the concept of learning.   
Although much is known, certainly enough to begin to drive decisions of education, 
experts agree researchers are only beginning to develop an understanding of how learning 
occurs in the brain (Blake & Gardner, 2007; Burton, 2009; Carew & Magsamen, 2010; 
McCall, 2012; OECD, 2008).  As research continues to evolve, it remains imperative that the 
learning sciences continue to play a role in theories of education (Nathan & Wagner Alibali, 
2010; Patten & Campbell, 2011) and that, given the implications for teaching and learning, 
educators proactively consider the benefits (Licari, 2015).   
Defining Brain-Based 
The term brain-based, simply meaning that which is based upon the functions of the 
brain, appears in literature preceding several key educational concepts and terms including 
learning, research, strategies, and teaching.  Collectively, brain-based education: 
refers to teaching methods, lesson designs, and school programs that are based on the 
latest scientific research about how the brain learns, including such factors as cognitive 
development—how students learn differently as they age, grow, and mature socially, 
emotionally, and cognitively. (Great Schools Partnership, 2013, para. 1) 
Jensen, an educator and self-proclaimed “lover of neuroscience,” defines brain-based 
education as “engagement of strategies based on principles derived from an understanding of 
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the brain” (2008a, p. 410) and “learning in accordance with the way the brain is naturally 
designed to learn” (2000, p. 6).  Jensen (2008a) urges that all people-related sciences contribute 
to the understanding of brain-based education and that neglecting to include these pertinent 
disciplines would result in diminished learning about the brain. 
 Brain-based teaching, on the other hand, examines how instruction and pedagogy can 
serve as a foundation for facilitating learning when aligned with best practices for brain 
engagement.  A distinction between brain-based learning and brain-based teaching is 
necessary, asserts Hardiman (2012b), maintaining that although all learning is brain-based, in 
contrast, all teaching does not result in learning.  Teaching to the brain, also termed brain-
based teaching or brain-targeted teaching, focuses on the transformation of pedagogy 
influenced by knowledge of how the brain learns best.   
Brain Potential for Learning 
Learning is about more than using one’s brain, it is also about growing one’s brain 
potential through biological change (Hardiman, 2012b; Kempermann, Wiskott, & Gage, 2004; 
Shonkoff & Phillips, 2000; Straumanis, 2012). One of the most profound scientific discoveries 
in brain research is that learners possess the power to change their brains through a process 
called plasticity or neuroplasticity.  As one engages in the process of learning their capacity for 
learning increases (Willis, 2006).  Prior to the 1960s, a misconception existed proclaiming that 
brain development ceased at birth; groundbreaking research challenged the belief (Diamond, 
2001; Diamond et al., 1964).  Research continued to expand, in part due to advances in medical 
technology, to show that the brain is malleable and increases in strength with repeated use and 
experience (Fischer, 2008; Gogtay et al., 2004; Shonkoff & Phillips, 2000).  For example, in 
response to a new experience dendrites, defined as branched extensions of nerve cells, increase 
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in size and number allowing the brain to reshape and reorganize connections and pathways 
(Stiles & Jernigan, 2010).  The result is a fundamental altering of how the brain processes 
information (Draganski et al., 2006).  Simply, the process of plasticity allows for an individual 
to continually grow their brain potential; thus, solidifying the concept that learning, and the 
ability to learn, is a lifelong process (LeBlanc & Kappus, 2015).  
Educators have a responsibility to assist students in developing their brain potential 
(Willis, 2012).  Understanding the process and implications of neuroplasticity provides 
educators with a unique and profound opportunity to influence and facilitate optimal learning. 
Indeed, well-informed educators can enhance the development of coveted lifelong learning 
skills such as “resilience, optimism, motivation, happiness, productivity, performance, and 
well-being” (Conyers & Wilson, 2015, p. 9). By targeting certain areas of stimulus in the brain, 
educators can play a vital role in promoting brain growth through the rewiring and remapping 
of the brain (Conyers & Wilson, 2015; Jensen, 2008a; LeBlanc & Kappus, 2015). 
Principles of Learning 
A synthesis of the current literature identifies several well-established learning 
principles regarding how the brain learns including the work of Caine and Caine (1997), 
Connell (2009), (Jensen, 2008a), (Sousa, 2010), (Tokuhama-Espinosa, 2011a) and Willis 
(2006). A summary listing is as follows:   
• The brain can perform many tasks simultaneously. 
• The brain is greatly influenced by experience, environment and emotion. 
• The brain physiologically changes as a result of daily experiences.   
• The brain is social. 
• Curiosity, and the search for meaning, is innate. 
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• The brain seeks connections between new knowledge and what is already known. 
• Learning is developmental.   
• Movement enhances learning and memory. 
Although principles of learning continue to be investigated and improved upon based 
on subsequent findings, the implications for teaching and learning remain profound (Fischer & 
Heikkinen, 2010; Jensen, 2008a; Willis, 2010).  Exposure to the current available research, in 
conjunction with an understanding of the implications, can assist educators in designing 
learning experiences for students (Jensen, 2008b; Licari, 2015). In other words, based on brain 
research educators can begin to proactively design, or redesign, effective processes of learning 
for their students in the areas of instruction, assessment, and classroom practices.  
Brain-Targets: Fundamentals for Classroom Application 
 The brain is a complex system of both structural and functional networks; therefore, it 
follows that pedagogical approaches be based upon, and developed for, the interdependence of 
brain, mind, and body (OECD, 2008). Influenced by the work of Marzano (1992), Gardner 
(1999), and Bloom (1956), as well as recent and ongoing learning sciences research, 
Hardiman’s BTT Model focuses on six important domains (see Figure 3).   
Although each domain is presented separately as part of the model, collectively they 
represent a non-linear, organic system of interrelated, research-based guides and instructional 
strategies. The domains, termed brain-targets, are reflective of current research outlining how 
the brain learns and thinks. They include: 
• Brain-Target One: Emotional Climate; 
• Brain-Target Two: Physical Environment; 
• Brain-Target Three: Learning Design; 
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• Brain-Target Four: Teaching for Mastery; 
• Brain-Target Five: Teaching for Application; and 
• Brain-Target Six: Evaluating Learning. 
 
Figure 3.  The six domains of Brain-Targeted Teaching.  Reprinted from the “Brain-Targeted 
Teaching” website by Mariale Hardiman, www.braintargetedteaching.com 
The BTT Model is not to be viewed as a curriculum, warns Hardiman (2012b).  Rather, 
it is a framework for educators provided as a guide for the planning of effective instruction. 
Dedicated to defining and driving instruction based on brain-targets, educators can increase 
learner motivation, engagement, growth, and achievement. Each target is detailed below.  The 
BTT Model provides educators with a cohesive framework for fragmented principles and 
concepts of brain education. When used as a guide for curricular decisions and instructional 
planning, student outcomes include increased motivation, improved understanding of skills and 
concepts, and heightened engagement (Hardiman, 2012a). 
 29 
Brain-target one: Emotional climate. 
Brain-Target One focuses upon the interconnectedness of emotions and learning.  
Hardiman (2012b) asserts, “it is important for educators to understand the influence of 
emotional arousal, both positive and negative, on attention, memory, and higher-order 
thinking” (p. 27).  The brain repeatedly crafts connections between intellect and emotion 
(Connell, 2009); in fact, stronger emotional connections will result in stronger development of 
memory of the experience (Wolfe & Brandt, 1998). Understanding the role emotions can play 
in learning will aide educators (Kaufman et al., 2008).  Thus, when positive emotion is 
stimulated, the brain interprets the incoming information as worthy of remembering whereas 
negative emotion can result in resistance to learning (Kaufman et al., 2008). Managing 
emotions can be a key method for learners, ensuring abilities such as solving problems, 
focusing attentions, and supporting relationships for optimal outcomes (OECD, 2008). 
Brain-target two: Physical environment. 
 Attention and novelty are explored in Brain-Target Two.  Attention, defined as 
cognitive selection to a sensation, thought, or event, can be attributed to three interconnected 
neural systems in the brain.  The three systems are: the alerting network, which triggers 
responsiveness stimuli; the orienting network, attributed to determining priority of relevance to 
the task; and the executive attention network, credited with regulating attention to targeted 
tasks (Posner, Rothbart, Sheese, & Voelker, 2014).   
 Novelty plays a critical role in the brain’s attention system (Poldrack, 2010).  Changes 
to the environment can assist in gaining the brain’s attention just as, to some extent, it can also 
play a role in maintaining attention; conversely, stagnant environments can have a negative 
effect on attention, triggering boredom and lack of interest (Hardiman, Delgado, et al., 2012).  
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Notes Hardiman (2012b), simple and frequent changes to the learning environment can result 
in increased level of engagement.  
 The senses play a role in maintaining attention and increasing engagement given the 
comfort and atmosphere in a learning environment (Hardiman, Delgado, et al., 2012).  For 
example, natural lighting, limited background noise, and scented oils can all contribute to 
increased attention, performance, and memory.  Finally, frequent movement in a learning 
environment can improve the mental processes that regulate attention and motivation (Jensen, 
2005; Ratey & Hagerman, 2013). 
Brain-target three: Learning design. 
 Brain-Target Three encourages educators to design learning experiences based on what 
is known about how the brain learns.  Learners often ask, why do I need to know this?  Helping 
learners to understand the connection between learning goals and daily real-life activities can 
assist in the development of skills and increased understanding of concepts (Hardiman, 2012b).  
As per the constructivist view, learning occurs by combing prior knowledge with new 
knowledge to shape thinking (Piaget et al., 1969; Vygotsky, 1978).  Designing learning 
experiences based on big-picture ideas assists with abstract thinking and chunking of 
information to make and develop lasting meaning (Jacobs, 1997).  The work of Tomlinson and 
McTighe (2006) and Wiggins and McTighe (2006) supports a key concept in this target 
centered on global planning of a curricular unit or learning experience.  Their framework, 
Understanding By Design (Wiggins & MacTighe, 2006), advocates a backward design in 
curriculum planning.  Backward Design’s three stage sequence includes the following: (1) 
identify desired results; (2) determine acceptable evidence; and (3) planning learning 
experiences and instruction to support the first two stages (Wiggins & MacTighe, 2006).  
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Throughout a unit, learners are encouraged to make connections among topics, identify 
alignment between the activities and the learning goals, and appropriately demonstrate their 
understanding supportive of the curricular objectives.   
Brain-target four: Teaching for mastery. 
 Brain-Target Four focuses upon the importance of pedagogical methods designed to 
promote mastery as well as lasting retention of skills, content, and concepts.  Much of this 
process depends upon functions of memory (Caine & Caine, 1997).  Learning sciences 
continue to explore psychological and neurophysiological phenomenon and the effect on 
biochemical processes in the brain in an attempt to further knowledge of memory function 
(Cambourne, 2000; Fredrickson & Branigan, 2005; Rushton et al., 2003).  What is known, 
currently, is that educators can utilize a variety of strategies to enhance memory of 
information.  Sprenger (2007) advises that, through the utilization of simple strategies, 
educators can assist learners in strengthening their working memory and, thus, their cognitive 
abilities.  Strategies include engagement in gaming, learning through play occurs, and 
discussion of analogies and metaphors, tapping into skills for comparing, contrasting, and 
connecting.  
Brain-target five: Teaching for Application. 
Brain-Target Five encourages the application of knowledge and skills acquired as part 
of Brain-Target Four.  Educators, armed with learning science research, are encouraged to 
design activities that engage critical thinking and real-world problem-solving. Educators 
provide learners with opportunities to alternate between the role of information consumer and 
content producer, with the latter playing a more significant role in an effort to extend learning 
in authentic ways (Ackoff & Greenberg, 2008; Burton, 2009; Glick, 2011; November, 2012).  
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Critical thinking skill sets include the ability to deconstruct and re-construct information 
(Restaino, 2011).   
A growing body of research suggests that the potential for creativity is not innate and 
can, in fact, be nurtured.  In fact, researchers contend, “the extent to which these potentials will 
be developed largely depends on how much these abilities are encouraged and well treated 
(Radovic-Markovic & Markovic, 2012).  Again, educators can play an important role in the 
developing individual’s creative thinking and innovative learning skills (Collard & Looney, 
2014).  Creative education includes a evolution from “existing perceptions and concepts to 
open up to a new way of looking at and doing things” and “involves a balance between 
teaching knowledge and skills, and encouraging innovation” (Radovic-Markovic, 2012, p. 2).  
To accomplish that, teachers are urged to create an environment where students feel 
comfortable, and in fact motivated, to pursue skills for critical thinking, analysis, deductive and 
inductive reasoning, systems view, and divergent thinking (Radovic-Markovic, 2012).   
Brain-target six:  Evaluating Learning. 
Ongoing assessment and dynamic evaluation are at the center of Brain-Target Six. This 
domain focuses on two key elements: variety of assessment methods and value of feedback.  
According to Hardiman (2012a), the use of alternate assessments and rubrics provides students 
with clear metrics conducive to the development of creativity.  The occasion of feedback 
should be scaffolded, meaning it occurs throughout the learning process and allows for 
continued adjustment and mastery (Cambourne, 2000; Finn & Metcalfe, 2010; Marzano, 
Pickering, & Pollock, 2001).  Providing feedback is a vital component to the process of 
learning.  In fact, Jensen (2014b) identifies feedback as having the greatest effect on student 
achievement noting that goal-oriented, timely feedback is optimal.  Furthermore, research 
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suggests that choice in assessment methods empowers learners (Hardiman & Whitman, 2014).  
In allowing learners to determine best methods for exemplifying their understanding, educators 
propagate learner-centered environments.  
Myths and Considerations 
Unfortunately, in a swift effort to understand and utilize brain-based practices, 
educators, and more importantly education influences, can overgeneralize concepts creating an 
environment that is considered more commercial than scientific based (Tokuhama-Espinosa, 
2012). The Organization for Economic Cooperation and Development identifies several 
categories for sorting learning concepts including a neuromyth category for unsubstantiated 
concepts (OECD, 2008).  One such neuromyth, the idea of right-brain vs. left-brain as a 
method for understanding learning lacks scientific proof; research today forgoes localization of 
brain activity and instead embraces the complexity of the brain as an interdependent organ 
(Bruer, 1999).  Other unfounded theories include the misconception that humans only use 10% 
of their brain and the idea that there are critical period in a life that mark the optimal time for 
learning a topic (OECD, 2008; Tokuhama-Espinosa, 2011a).  The learning conclusion, that if a 
topic is not learned at the identified critical time it cannot be learned, is simply untrue 
(Tokuhama-Espinosa, 2011a).  Experts including Burton (2009) and Wolfe (2006) agree that 
brain-based learning is not a fad yet needs to be approached with caution and a scientific eye.  
As suggested earlier in this review, educating teachers about the findings of brain-based 
research will assist when considering curricular and pedagogical decisions.   
It seems more likely that, if provided with a foundational base through professional 
development that utilizes brain-based strategies as an instructional method, educators will be 
able to utilize brain-based strategies in the classroom.  In other words, as educators experience 
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brain-based strategies as learners they will become better equipped with the tools to draw upon 
when transferring the knowledge to their classrooms (Cram & Germinario, 2000b).   
Brain-Based Teaching and Learning in Professional Development  
The question arises, how can we best prepare our educators to incorporate brain-based 
theories of teaching and learning in the classroom?  Though brain-based education can provide 
a framework for teaching and learning few educators are exposed to the information in a way 
that transforms their practice (Sikora, 2013). Continually expanding knowledge and 
understanding of the brain and how information is processed can assist in designs of teaching 
and learning (Hoffman, 2012).  However, exposing educators to neuro and cognitive science 
concepts and theories can be tricky as designs struggle to determine the optimal balance 
between breadth of knowledge and depth of content when explaining brain science (Blake & 
Gardner, 2007).   
Conyers and Wilson (2015) describe the effect an individual’s perception of potential 
can have on their actions.  Specifically, they assert that a “deep-seated predilection toward 
optimism or pessimism” can play a role in determining an individual’s level of progress 
(Conyers & Wilson, 2015, p. 2).  Therefore, it can be assumed that if an individual believes in 
the potential of brain-based strategies for learning they will be more likely to utilize them in 
the classroom; in other words, once educators understand the fundamentals of brain-based 
education, and implications for the classroom, they will begin to reflect upon its use for 
instruction (Connell, 2009; Glick, 2011; Willis, 2012).  Interestingly, a recent study of 
education professionals revealed an overwhelming 94% agreeing that brain-based research and 
its implications for teaching and learning are a valuable topic to explore for the future of 
education (Serpati & Loughan, 2012).   
 35 
Brain-based Best Practice for Teaching and Learning  
Jensen (2008a) responds with a resounding “yes” when considering if educators are 
able to make better-informed decisions based on research related to the brain from the learning 
sciences.  Brain research is providing an avenue for understanding the why, or why not, behind 
common practices, often endorsing a concept from an area of intuition to one of evidence 
(OECD, 2008). Exposure to brain-based learning approaches can assist educators in identifying 
strategies in their current repertoire, thus finding validation for what they already do, as well as 
inspire them to explore new strategies (Patten & Campbell, 2011; Sikora, 2013).  For example, 
educators and scientists alike may advocate that the key to authentic learning is active 
engagement.  How is this known?  A scientist might rely on evidence while the educator relies 
on experience; in fact, studies have indicated that movement triggers brain activity inferring 
the power of active engagement to promote learning is limitless (Straumanis, 2012).  Brain-
based research, paired with educator experience, can influence learning practice thereby 
producing an enhanced understanding of learning needs (Fischer et al., 2007). Brian-based 
education provides teachers with the knowledge of strategies to determine why one 
methodology may be used over another (Jensen, 2008a).  For example, instead of relying on 
guesswork, brain research can help teachers in determining how to chunk curricula; in other 
words, which concepts are best taught simultaneously and which can be problematic when 
paired together (Tokuhama-Espinosa, 2011a).   
Closely aligned with the constructivist view of learning, brain-based research asserts 
that a shift from traditional methodologies, cheekily referred to as sit’ n git’, is necessary 
(Battro & Fischer, 2012; Cercone, 2006).  Piaget (1954), considered the father of 
constructivism, maintained that learners build knowledge through a process of interaction, 
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reflection, and active response. Further, researchers posit that the use of cognitive processes 
within the context of their environment promotes increased learning (Piaget et al., 1969; 
Vygotsky, 1978).  In traditional methodologies, for example lectures, direct instruction, 
individual seatwork and observation, learners are often passive receptors of knowledge and, 
therefore, the learning experiences tend to minimize learner focus, provide little to no 
opportunity for critical thinking, encourage little attention to the process of learning, and 
generally afford minimal opportunity for collaboration (Thirteen Ed Online, 2004).  Each of 
which is in direct contrast to constructivist views that claim learners learn best through 
knowledge interaction (Thirteen Ed Online, 2004) and when feeling empowered by assuming 
responsibilities for their own learning (Licari, 2015).   
Using brain-based strategies to assist in educating teachers about brain-based education 
can improve not only their understanding but also transform their pedagogy (Willis, 2012); as a 
result, teachers are more likely to share their knowledge with their students and within their 
learning environments (Dubinsky, Roehrig, & Varma, 2013; Hoffman, 2012; Sikora, 2013).  
Teacher efficacy, defined as one’s belief in their capacity to produce an effect, strongly 
influences instructional decisions.  As such, exposure to, as well as knowledge in, brain-based 
strategies can increase teacher efficacy, and consequently, use of brain-based strategies in their 
classroom pedagogy (Dunn & Rakes, 2011). 
Recommendations for brain-based best practices apply to all learners, including adult 
learning as part of professional learning (Cercone, 2006; Knowland & Thomas, 2014; Rushton 
et al., 2003). In designing professional learning, brain-based strategies and frameworks, such as 
the BTT model designed by Hardiman (Hardiman, 2012b), should be considered as a method 
of delivery to increase educator knowledge as well as probability of transference to the 
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classroom (Cram & Germinario, 2000b; Dubinsky et al., 2013; Huebner, 2009). Brain-friendly 
experiences for educators, including awareness of relevancy, concrete experiences, and time 
for reflection, can have a profound impact on educators (Cram & Germinario, 2000b). 
Aligning professional learning methodology and delivery approach with brain-based best 
practice can aid educators in not only understanding brain-based learning but also in providing 
them with a framework for utilization in the classroom (Carew & Magsamen, 2010; Webster-
Wright, 2009).  
Neuropedagogy 
The convergence of neuroscience and pedagogy has inspired a new term: 
neuropedagogy.  Defined by Betts (2016), neuropedagogy: 
builds upon the neuro, cognitive, and learning sciences and concepts 
of neuroplasticity and neurodiversity facilitating and targeting educational experiences 
through teaching, active learning, and assessment…to support comprehension, 
application, and transfer of learning/knowledge. 
In an effort to promote contextual understanding for educators, Naegele and Montano 
(2015) identify three areas imperative to the development of effective neuropedagogy: the 
brain element, the body element, and the mind element. The concept of neuropedagogy aligns 
closely to Tokuhama-Espinosa’s (2011b) explanation of neuroeducation, a cross-germination 
of neuroscience, psychology, and pedagogy.  The design illustrates the relationships as well as 
the significance of neuroeducation as the epicenter (see Figure 4).  Tokuhama-Espinosa 
(2011a) explains the union of mind, brain, and education as a “cross-disciplinary venture” 
steeped heavily in cognitive neuroscience and developmental psychology that reaches “further 
beyond these parameters to integrate education via educational psychology and educational 
 38 
neuroscience” (p. 4).  Researchers (Jensen, 2008b; Tokuhama-Espinosa, 2011a; Willis, 2012) 
postulate neuropedagogy as a solid catalyst to educational change suggesting that when 
educators realize the power between brain, body, and mind, new and innovative ways of 
thinking abound.   
 
Figure 4.  Interpretation of Tokuhama-Espinosa’s Transdisciplinary Field redrawn by Bramwell 
(Tokumhama-Espinosa, 2011b) 
Moreover, research by Westermann et al. (2014) introduces neuroconstructivism, which 
supports the interrelatedness of brain, body, and world as an imperative process in the 
development of the mind.  Traditional constructivism is based on the idea that new knowledge 
is constructed by building upon existing knowledge.  Neuroconstructivism differs from 
traditional constructivism as it explores the relationship between the extension of knowledge 
and the development of new cognitive abilities (Sirois et al., 2008); thereby positing a structure 
of functional development that is strongly context dependent (Mareschal, 2011).   
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Understanding these elements, as well as their interdisciplinary nature, can aid 
educators to begin to understand the powerful implications for teaching and, thus, learning 
potential.  The elements of neuropedagogy, neuroeducation, and neuroconstructivism align 
with the key concepts of The BTT Model.  
Modeling The Brain-Targeted Teaching (BTT) Model 
The transition from theory to practice is not always a clear path.  Although educators 
may be aware of recent learning sciences research, and may even possess a strong 
understanding of how the brain learns, they are ill prepared in understanding how to infuse the 
findings in their pedagogy (Darden, 2012; Hardiman, 2012a).  The BTT Model, representing a 
pedagogical framework for implementing brain-targeted instruction, serves as the model 
framework for the study proposed in this paper.  Designed to not only assist educators in 
understanding concepts of brain-based learning but also, more importantly, serves as a 
foundation for promoting brain-targeted concepts.  In a recent study, authors found that 
educators that claim an understanding of how the brain learns and, therefore, how the brain 
should be taught, possess higher levels of teaching efficacy for developing a brain-targeted 
pedagogy (Hardiman, JohnBull, & Rinne, 2013). 
The BTT model, when utilized as a framework for professional development, 
encourages educators to consider how teaching affects learning; as a result, participants are 
provided the opportunity to learn and practice new concepts within the context of which those 
concepts will be applied and practices will be used (DeMonte, 2013).  In other words, 
educators develop skills actively while applying the exact strategies they are planning to utilize 
within the classroom.  Applying brain-based best practice in staff learning encourages the 
transition of brain-based strategies to the classroom (Cram & Germinario, 2000b; Dubinsky et 
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al., 2013).  Further, Cram and Germinario (2000b) stress modeling of brain-based teaching 
behaviors and strategies as an effective design when training educators.  Research suggests that 
professional learning opportunities serve as examples of desired classroom practice (Huebner, 
2009).  Modeling of best practice can be a powerful motivator in transference to the classroom 
(DeMonte, 2013; Díaz-Maggioli, 2004; Webster-Wright, 2009). Thus, strengthening the 
possibility for transference to the classroom (Cram & Germinario, 2000b; Dubinsky et al., 
2013; Huebner, 2009).  
Summary 
Relevant literature indicates a strong correlation between brain-based learning 
environments and academic achievement (Ali, Hukamdad, Ghazi, Shahzad, & Khan, 2010), 
solidifying neuroscience’s place as a worthy discipline in the realm of education. As new 
insights evolve, the role of the learner in the classroom must be continually evaluated and 
progressed (Jensen, 2010; Wolfe, 2006). Two significant areas for future exploration include 
in-depth professional learning for educators and a plea for continued brain-based research 
specific to the classroom setting (Serpati & Loughan, 2012). To combat the perceived 
disconnect between researchers and practitioners, the International Mind, Brain, and Education 
society advocates for a partnership between the two, stressing that educators are integral to 
furthering breakthroughs in brain-based education (Fischer & Heikkinen, 2010; Katzir & Pare-
Blagoev, 2006; Tokuhama-Espinosa, 2011a).   
Research in authentic practice settings will enhance future discoveries and continue to 
pave the way for effective practices in learning (Bertucci, 2006; Fischer et al., 2007; Goswami, 
2006; Hardiman, Rinne, et al., 2012; Katzir & Pare-Blagoev, 2006; Rushton et al., 2003).  The 
convergence of brain-based best practice and professional learning, in other words partnering 
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scientists with educators, is a necessity to move brain-based education, and thus brain-based 
professional learning, forward in an effort to strengthen all learner opportunities for continued 
achievement and growth (Cercone, 2006; Chipongian, 2004; Jensen, 2010).   
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Chapter 3: Research Methodology 
Introduction 
This chapter will provide an overview and explanation of the research and design 
methodology used for this study. This research explored the impact of professional 
development designed to model the changed it intends to promote.  The study examined the 
extent of educator awareness and knowledge of brain-based research implications for teaching 
and learning in addition to changes in classroom pedagogy following the integration of a BTT 
model in professional development. The BTT Model, developed by Dr. Mariale Hardiman 
(2012b), aligns research from the learning sciences and educational practice.  Its design 
embodies research-based effective teaching strategies steeped in neurological and cognitive 
science findings relevant to teaching and learning (Hardiman, 2012b).   
This study was both quantitative and qualitative in nature. The following questions 
guided this study: 
• To what extent are educators aware of current research in the learning sciences as it 
pertains to teaching and learning? 
• Is there a difference in educators’ level of knowledge of research from the learning 
sciences regarding teaching and learning following a professional development 
session focused on brain-based concepts for teaching and learning? 
• How do educators describe the impact of professional development that models the 
use of brain-targeted teaching strategies on their classroom practices? 
• To what extent do educators apply brain-targeted teaching strategies as part of their 
pedagogy following professional development that exemplifies the Brain-Targeted 
Teaching Model? 
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Research Design and Rationale 
This study examined if the modeling of Brain-Targeted Teaching (BTT) strategies in 
professional development changed educators’ awareness and knowledge levels of brain-based 
teaching and learning concepts as well as impacted future pedagogy in the classroom.  The 
goal of the professional development experience was threefold in that it: (a) provided educators 
with brain-based research information with implications for teaching and learning, (b) afforded 
an opportunity for educators to experience a BTT model as learners, and (c) modeled the BTT 
framework for use in the classroom.  The researcher maintained that neither the sole 
representation of quantitative nor qualitative data would paint a complete picture in addressing 
the research questions; therefore, this study employed a mixed methods design.  The mixed 
methods designs allowed the researcher to obtain complimentary quantitative and qualitative 
data, thus capitalizing on the strengths of the two methods and providing a comprehensive 
overview of the research (Punch, 2009; Tashakkori & Teddlie, 1998).  For this study, an 
explanatory sequential design was used.  Described by Creswell (2007), an explanatory 
sequential design occurs when the qualitative data is used to extend or build upon the initial 
quantitative findings.  Thus, the quantitative data and analysis provides a general 
understanding of the research while the addition of the qualitative data and analysis allows for 
a more in-depth examination. 
Specific to this study the mixed methods approach served two purposes.  Following 
professional development designed to inform about brain-based concepts while utilizing BTT  
strategies, this study first sought to identify changes in the level of educator awareness and 
knowledge regarding brain-based teaching and learning concepts. Second, this study examined 
the impact of the educator’s experience as a learner engaged in BTT strategies on pedagogy in 
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their classroom. Data collection methods included a pre-session and post-session survey 
occurring immediately before and immediately after the PD learning session, as well as a 
follow up post-session survey and semi-structured interviews 4-6 weeks after the PD learning 
sessions. The data collection plan is outlined in Table 1.   
Table 1 
 
Description of Data Collection Methods 
Research Question Research Method Data Source Frequency 
To what extent are educators 
aware of current research in the 
learning sciences as it pertains 
to teaching and learning? 
 
Is there a difference in 
educators’ level of knowledge 
of research from the learning 
sciences regarding teaching and 
learning following a 
professional development 
session focused on brain-based 
concepts for teaching and 
learning? 
 
How do educators describe the 
impact of professional 
development that models the 
use of brain-targeted teaching 
strategies on their classroom 
practices? 
 
To what extent do 
educators apply brain-targeted 
teaching strategies as part of 
their pedagogy following 
professional development that 
exemplifies the Brain-Targeted 
Teaching Model? 
Phase One 
• Primary: 
Quantitative 
• Secondary: 
Qualitative 
Voluntary 
participants 
opting to 
partake in 
professional 
development 
opportunities 
focused on 
brain-targeted 
teaching  
PreSurvey 
(Qualtrics- 
electronic 
online tool) 
Immediately pre- learning 
session 
(Sessions: August 18th and 
August 23rd) 
Immediate 
PostSurvey 
(Qualtrics- 
electronic 
online tool) 
Immediately post- learning 
session 
(Sessions: August 18th and 
August 23rd) 
Phase Two 
• Primary: 
Qualitative 
• Secondary: 
Quantitative  
 
Delayed 
PostSurvey 
(Qualtrics- 
electronic 
online tool) 
4-6 after PD learning session 
(Late September 2016- early 
October 2016) 
5 participants 
chosen at 
random based 
on willingness 
Individual 
Semi-Structured 
Interviews 
(Face-To-Face) 
 
Site and Population 
Population Description 
Educators in a K-12 public school district in a suburban area of southeastern 
Pennsylvania provided the population for this study. With an area population of approximately 
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38,000, the district serves over 5,800 K-12 students.  The professional staff includes over 500 
educators.  
Professional staff, both regular and special education teachers, were provided the 
opportunity to participate in this study as part of the school district’s professional development 
program.  In May 2016, the professional staff was provided a list of learning session 
opportunities for professional development occurring throughout the Summer 2016.  The 
professional learning opportunities are managed using an online program called 
MyLearningPlan.  An email was sent to staff announcing the opening of the summer learning 
catalog via district email.  The online catalog detailed each session including date(s), time(s), 
applicable prerequisites, and descriptions. 
In January 2016 a professional development needs assessment was administered to the 
professional staff in the district.  The results indicated a solid interest in concepts of brain-
based teaching and learning; over 200 educators responded, 80% of which revealed a desire for 
instruction in the topic of brain-based teaching and learning.  Professional staff chooses their 
learning opportunities based primarily on self-identified need. Therefore, given the results of 
the needs assessment, the researcher was confident that educators would opt to participate in 
learning opportunities focused on brain-based concepts.  
The researcher titled the learning session simply, Brain-Targeted Teaching. The 
description of the activity in the catalog was as follows:  
This session will explore concepts of brain-based teaching and learning (BBL).  The 
purpose of the session is threefold in that it: (a) provide educators with brain-based 
research information including implications for teaching and learning, (b) afford an 
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opportunity for educators to experience a BTT model as learners, and (c) model the 
BTT framework for use in the classroom. 
 The Brain-Targeted Teaching 6-hour learning session was offered on two occasions: 
August 18th and August 23rd, each from 8:00am-2:00pm. The session participants voluntarily 
enrolled in The Brain-Targeted Teaching learning opportunity as part of their required in-
service credit hours.  There were 22 professional staff members enrolled in the August 18th 
session and 24 participants enrolled on August 23rd.   
All professional staff enrolled in a The Brain-Targeted Teaching session were invited to 
participate in the study as well.  A consent form and explanation was sent to each enrolled 
participant via email one-week prior to the learning session (see Appendix A for email to 
participants enrolled in learning session). Participants were provided details about the study, 
including information regarding expectations and the time commitment involved to satisfy 
study requirements. Participants were asked to sign a consent form regarding the study and the 
use of data generated (see Appendix B for consent information and form).  Of the 46 total 
educators enrolled in the learning sessions, 96% (44) consented to participate in the surveys 
and 50% (23) consented to be a part of the pool of possible interview candidates.  
The study included a variety of representatives from each of the proposed site’s seven 
school locations and levels.  The representatives encompassed a sampling of: 
• Males/females of varying ages; 
• Regular education/special education educators; 
• Content area/special area teachers; 
• Elementary level/middle school level/high school level educators; and 
• Years teaching experience.  
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The researcher of this study also led the professional development sessions. The 
researcher has developed a professional reputation within the district as a respected 
professional learning facilitator.  Over the past 17 years, she has organized and facilitated 
learning experiences for teachers, administrators, and support staff.  Repeatedly, the feedback 
has been positive with many participants returning for follow-up sessions and additional 
learning opportunities.  In session evaluations, the researcher has been described as patient, 
sensitive to learner needs, and engaging.  
Site Description 
The site for this study was a K-12 public school district in southeastern Pennsylvania.  
According to the district’s annual report to the community (2014), the district serves six 
municipalities including 12,500 households spanning 30 square miles. There are seven total 
school buildings and one central office building.  The seven school buildings include: one high 
school grades 9-12, two middle schools grades 6-8, and four elementary schools grades K-5.  
The yearly school district budget is over 93 million dollars. 
Overall, the district is credited as having high achieving students with 88% of graduates 
continuing on to pursue a post-secondary education. In 2016, each of the seven schools was 
identified by the Pennsylvania Department of Education as highly effective after scoring in the 
upper ranges for the School Performance Profile (SPP). Over 85% of the professional staff 
holds an advanced degree in education-related fields. 
Site Access 
There were no anticipated issues regarding access to the site and study participants.  
The researcher conducted a preliminary meeting with central office, including both the 
superintendent and the assistant superintendent, to discuss the planned study in March 2016.  
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Prior approval from central office was obtained.  The researcher then gathered additional 
information regarding the district’s policies and needs for conducting a study with the 
professional staff as part of the district professional development program.  A written 
permission letter was obtained from the superintendent in May 2016 (see Appendix C for the 
letter confirming permission for study). 
The researcher carefully considered the selection of this site, as it is also the 
researcher’s workplace.  The researcher remained mindful of possible barriers or concerns such 
as bias due to both personal and professional relationships.  Participants may be unintentionally 
inclined to respond to questions with what they think the researcher hopes to hear instead of 
answering honestly.  The researcher explained the study as well as the purpose of the study in 
such a way that participants did not feel obligated to answer in a specific manner and instead 
felt encouraged to provide unfiltered honest answers.  The researcher remained mindful of her 
own preconceptions and continually reflected upon bias as it is a primary argument against 
conducting research in one’s own work environment (Gibbs, 2011).  Finally, the researcher 
worked with the Institutional Review Board (IRB) to develop an understanding of needs for the 
study as per Drexel University guidelines.  
Research Methods 
Description of Methods Used 
The purpose of the two-phase, explanatory sequential mixed methods study was to 
obtain statistical, quantitative data and results followed by the collection and analysis of 
thematic, qualitative data and results to complement the initial findings of the study.  As per 
Creswell and Plano Clark (2011), “This design is most useful when the researcher wants to 
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assess trends and relationships with quantitative data but also be able to explain the mechanism 
or reasons behind the resultant trends” (p. 82).   
 
Figure 5.  Flow chart of the typical procedure in implementing an explanatory sequential mixed 
methods research study (Creswell & Plano Clark, 2011, p. 83) 
The explanatory sequential design of this study consisted of two distinct phases 
(Creswell & Plano Clark, 2011; Tashakkori & Teddlie, 1998) (see Figure 5).  In the first phase, 
quantitative research questions addressed educator awareness and knowledge of brain-based 
strategies in support of teaching and learning prior to and immediately after professional 
development designed to model BTT strategies as well as share current research in the learning 
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sciences.  In the second phase, qualitative open-ended questions via an online survey and 
individual semi-structured interviews were used to examine educator pedagogy and the 
application of BTT strategies as a result of their newly acquired knowledge and their 
experiential involvement in the professional development sessions.  An explanatory sequential 
design generally follows a four-step process: 
1. As part of phase one, collect and analyze quantitative data. 
2. Examine the results from phase one to determine needs for further exploration and to 
guide questions for phase two. 
3. As part of phase two, collect and analyze qualitative data to assist in understanding and 
explaining the quantitative results. 
4. Draw inferences regarding both the quantitative and qualitative results and determine 
how they may complement each other to address the research questions (Creswell & 
Plano Clark, 2011). 
Data Collection 
Participants of this study underwent a 6-hour professional development session titled 
Brain-Targeted Teaching (see Appendix D for the session agenda and Appendices E- G for the 
session presentations.  At that time, data was collected in two phases.  The primarily 
quantitative data collection occurred via electronic survey using Qualtrics, an online survey 
creation, collection, and analysis tool, immediately prior to and immediately following the 
learning session (see Appendix H for pre-session survey and Appendix I for immediate post-
session survey).  Each of the 44 study participants completed both the immediate pre and 
immediately post survey.  The surveys remained anonymous with only non-identifying 
demographics gathered.  Participants were asked to complete the survey indicating their 
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knowledge of brain-based research concepts specific to teaching and learning as well as 
reflections of their current classroom pedagogy.  The survey included closed-ended question 
formats such as matrix ranking and Likert scales with radio buttons representing a range of 
numeric values.  
The second phase of data collection occurred approximately 4-6 weeks after the 
completion of the learning session.  Data was primarily qualitative and collection was 
conducted via an online survey using Qualtrics and individual semi-structured interviews.  The 
delayed post online survey was sent to all study participants (see Appendix J for delayed post-
session survey).  Of the 44 study participants, 26 (59%) responded to the survey by the 
specified deadline.   
The individual semi-structured interviews were conducted with five study participants.  
The participants were selected based on those consenting to be a part of the interview pool.  As 
part of the learning session, participants were asked to express their interest and consent to be a 
part of the interview pool.  There were twenty-four participants that indicated they would 
consent to having their name included as part of the pool of interview candidates.  The 
researcher decided to narrow the candidates based on their educator role.  Seven of those 
included in the pool were regular education content area teachers of which all were invited to 
partake in an individual interview.  Five responded that they would like to proceed; individual 
interview sessions were conducted with each participant during the week of September 26, 
2016.  
A semi-structured interview allows the researcher to maintain a focus while exercising 
flexibility as needed (Bamberger, Rugh, & Mabry, 2006).  As per Creswell (2014), semi-
structured interviews afford the opportunity for both the participant and the interviewer to 
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diverge in question order in attempt to further a response and allow for several key 
considerations, such as:  
• The participant is afforded latitude to express opinions and the researcher the 
opportunity for follow-up on emerging ideas or prominent themes, 
• opportunity for the researcher to elicit narratives about participants personal 
experiences, and 
• the design of open-ended questions allows for the participant to freely convey opinions, 
thoughts, and reflections.   
An interview protocol was generated for the semi-structured interviews (see Appendix 
K for interview protocol).  The protocol included a list of questions developed after careful 
consideration of the quantitative data and results from the first phase of the study. The 
questions explored relevant information regarding the participant’s application of BTT 
strategies as expressed in their own words.  
The interviews were conducted in private areas within the participant’s school building.  
Participants were assured confidentiality and anonymity and encouraged to answer all 
questions openly and honestly. The researcher obtained written permission from participants to 
allow the recording of the interviews.  The interviews were transcribed verbatim.  Participants 
were offered the opportunity to review the transcripts for accuracy and to provide clarification 
if needed.  Interviewee responses were electronically saved, documented, and referenced via a 
pseudonym. 
Data Analysis Procedures 
The quantitative data was examined using comparative tools of the online survey 
instrument, Qualtrics.  The researcher first determined the readiness of the data and ensuring 
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numeric values were assigned to all responses and removing extraneous data entries as 
necessary.  Then, descriptive analysis was performed to identify trends in the data.  The 
researcher surmised the results, moving from descriptive analysis to inferential analysis 
(Creswell & Plano Clark, 2011). In addition, the researcher implemented a paired t-test to 
identify correlations and possible causal relationships between the pre and post data as well as 
correlations based on variables.  Variables included grade level, years teaching experience, and 
subject area.   
Qualitative data, garnered from open-ended written responses via the electronic surveys 
as well as semi-structured interviews, was also examined.  The researcher prepared the data by 
consolidating the open-ended responses into a word processing file for review.  The recorded 
semi-structured interviews were transcribed verbatim and made available via a word 
processing program.  The open-ended response data and the transcribed interview data was 
reviewed and the researcher’s initial thoughts recorded via informal hand-written notes and 
memos.   
The researcher employed coding strategies to identify recurring trends, group ideas, and 
determine broad themes (Creswell & Plano Clark, 2011). To code the data, the researcher 
began by identifying evidence and labeling ideas via informal handwritten notes.  Next, the 
researcher chunked the text into small units, assigned codes, and grouped the codes into 
themes.  The researcher looked to identify increasingly broader perspectives.  The codes were 
derived from participant responses, from the researcher, and from concepts of brain-research 
and the learning sciences.   
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The trends and themes assisted in addressing the questions posed as the focus of the 
research study.  As part of the mixed method model, the analysis phases generated both 
statistical (quantitative) and thematic (qualitative) results.  
Stages of Data Collection  
This study included two phases.  In phase one there were two collection stages, 
immediately pre-session and immediately post-session, while in phase two there was one 
collection stage, approximately 4-6 after the PD learning session (see Table 2).  
Table 2 
Timeline for Data Collection  
Explanatory Sequential Mixed Methods 
Method Description Timeline 
Phase One 
• Primary: Quantitative 
• Secondary: Qualitative 
Administer PreSurvey 
(Immediately prior to PD learning 
session) Two PD learning sessions scheduled: 
• August 18, 2016 
• August 23, 2016 Administer PostSurvey (Immediately after to PD learning 
session) 
Phase Two 
• Primary: Qualitative 
• Secondary: Quantitative 
Administer Delayed PostSurvey Distributed September 15, 2016 Due by September 24, 2016 
Conduct individual semi-structured 
interviews 
Scheduled September 19, 2016 
through September 30, 2016 
 
Ethical Considerations 
Required by federal law, the Institutional Review Board (IRB) is designed to ensure the 
rights and welfare of human participants involved in research. As such, the researcher 
maintained responsibility for safeguarding the process of collecting and reporting data 
involving human participants.  In pursuing the IRB’s approval, the researcher sought to build a 
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firm understanding of expectations in regard to ethical considerations and research processes.  
All guidelines put forth by the IRB to protect privacy and participant welfare were followed.  
As per Johnson and Christensen (2014), “Respecting the privacy of research 
participants is at the heart of the conduct of ethical research” (p. 141).  To protect the overall 
identity of the school district involved, the researcher determined and applied a pseudonym.  
The researcher adhered to all guidelines required by the district as specified upon their 
approval to conduct the study in the district.  
As part of this study, ethical considerations were established and adhered to during 
each phase of the study. Partaking in the study was voluntary and contingent upon full consent 
from each participant.  Each phase of data collection was explained to maintain the 
participants’ full understanding of their involvement.  Prior to the start of the study, 
participants were informed of the nature and purpose of the data. The data posed little to no 
risk to those involved and therefore the researcher anticipated authentic and sincere responses 
on the part of those completing the survey and participating in interviews.   
The surveys were conducted via electronic tools thereby allowing for anonymity.  
Though names were not be collected, general demographic data indicated content taught, range 
of years teaching experience, level of students taught, and gender of participant.  The 
researcher considered a numbering system allowing for individual comparison data collected 
both prior to and following the sessions.  
In collecting data during observations and interviews, the researcher remained objective 
to minimize all personal bias.  The interviews were recorded to assist in maintaining the 
gathering of objective data.  The researcher asked clarifying questions as needed. Interviewees 
were asked to review data as a means to confirm the collected notes aligned to the interviewees 
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expressed ideas and thoughts. In reporting the data the researcher referred to participants given 
demographic data provided or, for data based on individuals, using an assigned pseudonym.  
The researcher drew conclusions based on collective demographic data such as years of 
teaching experience or level taught.   
Summary 
This study examined professional development that utilizes BTT strategies for learning; 
specifically, the study considered changes in educator awareness and knowledge of brain-based 
research concepts in regard to teaching and learning as well as subsequent pedagogical 
influence in the classroom.  The BTT Model, by design, exemplifies research-based effective 
teaching strategies grounded in neuro and cognitive science research.  As part of an 
explanatory sequential mixed methods design, data collection included surveys and interviews.  
The mixed methods approach, affording the researcher the opportunity to examine both 
quantitative and qualitative data, allowed the study to be approached from multiple angles and 
perspectives. 
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Chapter 4 - Findings, Results, and Interpretations  
Introduction 
This explanatory sequential mixed methods study explored the impact of professional 
development designed to model the change it was intended to promote.  The insights gathered 
from the data will serve as a guide for future designs of professional learning for educators, as 
well as encourage the continued incorporation of research from the learning sciences in 
practical settings.   
Specifically, this study was designed to examine the extent of educator awareness and 
knowledge of brain-based research and implications for teaching and learning.  In addition, the 
study proposed to observe changes in classroom pedagogy following the integration of a BTT 
model in a professional development learning session.  
The following research questions, both quantitative and qualitative in nature, guided 
this study:   
1. To what extent are educators aware of current research in the learning sciences as it 
pertains to teaching and learning? 
2. Is there a difference in educators’ level of knowledge of research from the learning 
sciences regarding teaching and learning following a professional development 
session focused on brain-based concepts for teaching and learning? 
3. How do educators describe the impact of professional development that models the 
use of brain-targeted teaching strategies on their classroom practices? 
4. To what extent do educators apply brain-targeted teaching strategies as part of their 
pedagogy following professional development that exemplifies the Brain-Targeted 
Teaching Model? 
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Data Collection 
This two-phase, explanatory sequential mixed methods study obtained statistical, 
quantitative data and results followed by the collection and analysis of thematic, qualitative 
data and results to complement the initial findings of the study.  Thus, the data collection was 
completed in two phases, including a pre and post session survey occurring immediately before 
and immediately after the professional development learning session, as well as a follow up 
delayed post session survey and semi-structured interviews conducted 4-6 weeks after the 
learning session. The data collection timeline is outlined in Table 3.  The quantitative data and 
analysis provided a general understanding of the research.  The addition of the qualitative data 
and analysis allowed for a more in-depth examination while extending and building upon the 
initial quantitative findings.  
Table 3 
 
Data Collection Timeline 
Method Description Timeline Study Participants 
Phase One 
• Primary: 
Quantitative 
• Secondary: 
Qualitative 
Administer pre survey 
(Immediately prior to PD 
learning session) Two PD learning sessions 
scheduled: 
• August 18, 2016 
• August 23, 2016 
21 August 18, 2016 
23 August 23, 2016 
44 Total Responses 
Administer immediate post 
survey 
(Immediately after PD 
learning session) 
21 August 18, 2016 
23 August 23, 2016 
44 Total Responses 
Phase Two 
• Primary: 
Qualitative 
• Secondary: 
Quantitative 
Administer delayed post 
survey (4weeks following 
learning session) 
Distributed September 15, 
2016 
Due by September 24, 
2016 
 29 Responses 
Conduct delayed post 
individual semi-structured 
interviews 
(4-6 weeks following 
learning session) 
Scheduled September 19, 
2016 through September 
30, 2016 
5 Interviewees 
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Survey Data 
The surveys were administered three times: immediately pre session, immediately post 
session, and delayed post session occurring four weeks following the learning session.  The pre 
session and immediate post session surveys were distributed to all 46 attendees of a 
professional development learning session titled Brain-Targeted Teaching.  Of the 46 invited to 
participate in the study, 44 (96%) consented and completed both the pre session survey and 
immediate post session survey.  There were 18 male and 26 female study participants. Seventy-
five percent (33) of the survey participants indicated their position as regular education 
classroom teachers, over half of which (57%) represented the elementary level.  Thirty-two 
survey participants, over 75%, indicated 11+ years of teaching experience with equal 
representation from both the elementary and secondary levels.  Additional participant 
demographics are outlined in Table 4.   
Table 4 
 
Study Participant Demographics 
 Position Years Teaching Experience 
 
 
 
Clrm 
Tchr – 
Reg Ed 
Clrm 
Tchr  – 
Spec Ed 
Sp Area 
Tchr  
Support 
Services  
Less 
than 5 
years 
6-10 
years 
11-20 
years 
20+ 
years 
Level Taught 
Lower 
Elementary (K-2) 
6.8%  
(3) 
9.0% 
(3) 
0.0% 
(0) 
0.0% 
(0) 
0.0% 
(0) 
0.0% 
(0) 
22.2% 
(2) 
4.8% 
(1) 0.0% (0) 
Upper Elementary (3-
5) 
47.7% 
(21) 
48.4% 
(16) 
0.0% 
(0) 
100% 
(4) 
33.3% 
(1) 
50%  
(1) 
55.6% 
(5) 
42.9% 
(9) 
50.0% 
(6) 
Middle  
Level (6-8) 
25.0% 
(11) 
24.2% 
(8) 
50% 
(2) 
0.0% 
(0) 
33.3% 
(1) 
0% 
(0) 
22.2% 
(2) 
28.6% 
(6) 
25.0% 
(3) 
High School  
Level (9-12) 
20.5%  
(9) 
18.1% 
(6) 
50% 
(2) 
0.0% 
(0) 
33.3% 
(1) 
50%  
(1) 
0.0% 
(0) 
23.8% 
(5) 
25.0% 
(3) 
Total 44 75.0%  (33) 
9.1% 
(4) 
9.1% 
(4) 
6.8% 
(3) 
4.6% 
(2) 
20.5% 
(8) 
47.7% 
(20) 
27.7% 
(12) 
 
The delayed post session survey was sent to the 44 consenting participants via email 
approximately four weeks following the learning session. Twenty-nine (66%) participants 
responded to the post-session survey. Of the 59% that responded, approximately 60% were 
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female.  Eighty-five percent (85%) indicated their position as regular education classroom 
teachers.  In regard to level taught, 48% indicated the elementary level, 36% the middle level, 
and 16% the high school level.  The quantitative data was analyzed using a statistical program, 
Statistical Package for the Social Sciences (SPSS), as well as researcher examination and 
scrutiny.   
Interview Data 
As part of the consent process, participants were asked to indicate whether they would 
consent to have their name included in the pool of possible interview candidates.  Twenty-four 
participants consented to be included in the pool, 19 (83%) of which indicated their position as 
a regular education classroom teacher.  The remaining 5 (17%) were special education 
teachers. The researcher decided to narrow the candidates based on their educator role 
identifying regular education core content area teachers as the target group.  All seven regular 
education content area teachers were invited to partake in an individual interview.  Five 
responded that they would like to proceed. Additional demographic information of the five 
interviewees is outlined in Table 5.  Each of the five interview participants was assigned a 
unique identification number ranging from 1-5. 
Table 5 
 
Interview Participant Demographics 
 Level Taught Position Years Teaching Experience 
Interview Participant 
(IP #1) Elementary Third Grade 11-20 years 
Interview Participant 
(IP #2) Elementary Third Grade 6-10 years 
Interview Participant 
(IP #3) Middle School 
Sixth Grade,  
English Language Arts 20+ years 
Interview Participant 
(IP #4) Middle School 
Seventh Grade,  
Life Science 11-20 years 
Interview Participant 
(IP #5) High School Math Less than 5 years 
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One-on-one semi-structured interviews were conducted and recorded throughout the 
week of September 26th, 2016. Each interview occurred in a private room located in the main 
office of the participant’s school building and ranged between 15 and 20 minutes in length. An 
interview protocol, introduced in Chapter 2, was followed. The recordings were transcribed 
and subsequently coded both manually by the researcher and using NVivo software.  
Findings 
This study provides descriptive data, identifying trends and themes, as they emerge in 
the data, and extrapolates major findings.  Three major themes emerged from the analysis of 
both the quantitative and qualitative data:   
1. The learning session resulted in an increase of awareness and knowledge of BBL 
and BTT concepts. 
2. Educators’ experiences as learners influence their role as teachers. 
3. Educators consider concepts of BBL and BTT in designing pedagogy.   
Each finding is sustained with sub-findings (see Figure 6).  In the sections that follow, the 
quantitative and qualitative data is shared in a complementary manner.  The qualitative data 
and interpretations serve to support and extend the understanding of the quantitative findings.  
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Figure 6. Study Findings and Sub-Findings 
Finding #1: The Learning Session Resulted in an Increase of Educator Awareness and 
Knowledge of BBL and BTT Concepts  
Throughout the learning session, the participants were faced with tasks designed to 
challenge and assess their prior knowledge of BBL and BTT concepts.  As part of the survey 
administered immediately prior to the start of the learning session, participants were asked to 
define the terms brain-based learning and brain-targeted teaching.  The participants were 
instructed to draw upon current knowledge to construct their proposed definition.  The 
following definitions emerged from the participants when describing brain-based learning: 
• “Knowing where students are developmentally.” 
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• “Learning based on styles of the students” and, 
• “An individual’s brain anatomy impacts how a person learns”. 
The following emerged describing brain-targeted teaching: 
• “Teaching to a multitude of styles,” 
• “Philosophy that all children learn and interact differently based on their levels” 
and, 
•  “Differentiating instruction based on the students' emotional intelligence.” 
The pre session definitions revealed misconceptions, incorrect understandings of BBL and 
BTT concepts, and/or limited views of BBL & BTT theories.   
Comprehensive and detailed explanations emerged when asked to define the concepts 
at the end of the learning session.  For example, the following definition of brain-based 
learning was proposed, “Brain-based learning is a combination of neuroscience, psychology, 
and education strategies focused on stimulating the learner's brain through a variety of different 
opportunities.”  This explanation of brain-targeted teaching also emerged:   
Brain-based teaching consists of six focus factors that affect student learning and 
achievement.  By understanding the factors that can affect our students, teachers are 
able to differentiate their instruction and enhance student achievement.  Emotional 
climate, physical environment, learning design, teaching for mastery & application, and 
providing feedback encompass areas of the brain that allow students to continue to 
make those connections and gain an understanding of various topics and concepts. 
As theories of brain research continue to surface in education, it became clear through this 
study that educators may not possess a strong understanding of the terms, nor how they can 
play a role in teaching and learning.  Participants attending the professional development 
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session drew on prior knowledge based on root definitions of the individual words, such as 
brain, learning, and teaching, to explain the concept as a whole.  Therefore, without the 
opportunity to participate in professional development that integrates BBL and BTT, educators, 
like the ones in this study, may have inaccurate definitions of the concepts.  
The following sub-findings expand upon the data collected as part of the pre and 
immediate post session surveys. The data is broken into three areas including data pertaining to 
educator awareness, educator knowledge, and overall mean scores. 
Sub-finding A: Pre and Immediate Post Session Survey Data Demonstrates Gains 
in Educator Awareness of BBL & BTT Concepts  
The pre session and immediate post session surveys served to gather data regarding 
participants’ levels of awareness of BBL and BTT concepts.  Tables 6 and 7 outline the 
survey statements and responses relating to participant awareness of BBL and BTT concepts.  
The data reflects a profound shift in levels of familiarity when comparing the two sets of data.  
The post session data represents a gain of between 15% and 43% in the very familiar and 
extremely familiarity categories when compared to the pre session data. It should be noted that 
the greatest gain occurred regarding novelty in the classroom with an increase from 43% to 
84%. The smallest gain occurred in regard to active learning enhancing long-term retention.  
The level of familiarity was almost 80% (very familiar 47.73% plus extremely familiar 
31.82%) prior to the learning session and rose to 95% (very familiar 38.64% plus extremely 
familiar 56.82%) after the learning session.  The researcher was unable to identify significant 
increases or decreases between demographic groups.  
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Table 6 
 
Pre Session Survey Results Relating to Educator Awareness of BBL & BTT Concepts 
Identify the extent to which you are familiar 
with the following 
Not 
Familiar 
Slightly 
familiar 
Moderate
ly 
familiar 
Very 
familiar 
Extremely 
familiar 
A positive emotional climate paves the way 
for higher levels of learning and 
performance. 
0.00% 4.55% 31.82% 36.36% 27.27% 
Novelty in the environment can foster 
attention. 0.00% 15.91% 40.91% 31.82% 11.36% 
Environmental factors can enhance the 
learning experiences. 0.00% 6.82% 43.18% 27.27% 22.73% 
Active learning enhances long term 
retention of content. 0.00% 0.00% 20.45% 47.73% 31.82% 
Applying knowledge in real-world settings 
engages systems of retrieval and 
integration. 
0.00% 4.55% 36.36% 43.18% 15.91% 
Timely feedback about performance is 
useful as a means of reinforcing students' 
knowledge. 
0.00% 4.55% 29.55% 38.64% 27.27% 
Relevant feedback about performance is 
useful as a means of reinforcing students’ 
knowledge. 
0.00% 4.55% 34.09% 34.09% 27.27% 
 
Table 7 
 
Post Session Survey Results Relating to Educator Awareness of BBL & BTT Concepts 
Identify the extent to which you are familiar 
with the following 
Not 
familiar 
Slightly 
familiar 
Moderatel
y familiar 
Very 
familiar 
Extremely 
familiar 
A positive emotional climate paves the way 
for higher levels of learning and 
performance. 
0.00% 0.00% 4.55% 40.91% 54.55% 
Novelty in the environment can foster 
attention. 0.00% 0.00% 15.91% 38.64% 45.45% 
Environmental factors can enhance the 
learning experiences. 0.00% 0.00% 6.82% 38.64% 54.55% 
Active learning enhances long term 
retention of content. 0.00% 0.00% 4.55% 38.64% 56.82% 
Applying knowledge in real-world settings 
engages systems of retrieval and 
integration. 
0.00% 0.00% 11.36% 47.73% 40.91% 
Timely feedback about performance is 
useful as a means of reinforcing students' 
knowledge. 
0.00% 0.00% 4.55% 45.45% 50.00% 
Relevant feedback about performance is 
useful as a means of reinforcing students’ 
knowledge. 
0.00% 0.00% 4.55% 45.45% 50.00% 
 
 66 
The consistent overall gains (see Figure 7) average a 30% increase in each area regarding 
participants’ levels of awareness of BBL and BTT concepts.  It is clear, given the data 
collected prior to the learning session that although educators may have had a slight awareness 
of the terms associated with BBL and BTT concepts they did not possess a strong awareness of 
how the concepts can impact teaching and learning.  
   
 
Figure 7.  Pre and Post Session Gains Relating to Educator Awareness of BBL & BBT Concepts Indicating Very Familiar and Extremely Familiar 
 
 Sub-finding B: Pre and Immediate Post Session Survey Data Demonstrates Gains in 
Educator Knowledge of BBL & BTT Concepts  
The pre session and immediate post session surveys served to gather data regarding 
participants’ levels of knowledge of BBL and BTT concepts.  Tables 8 and 9 outline the survey 
statements and responses relating to participant knowledge of BBL and BTT concepts.  The data 
displays gains from the pre-survey to the post-survey averaging between a 5% to 50% increase in 
knowledge level per each statement presented. 
Table 8 
 
Pre Session Survey Results Relating to Educator Knowledge of BBT&L Concepts 
Identify the extent to which you agree with 
the following 
Neither 
agree nor 
disagree 
Strongly 
disagree 
Somewhat 
disagree 
Somewhat 
agree 
Strongly 
agree 
Learning is based on biological changes. 11.36% 0.00% 2.27% 72.73% 13.64% 
Learning best occurs through interaction with 
information. 0.00% 0.00% 4.55% 36.36% 59.09% 
Teacher-driven instruction is very effective. 20.45% 6.82% 31.82% 31.82% 9.09% 
Learning activities should provide 
opportunity for exploration, invention, and 
creative application. 
2.27% 2.27% 0.00% 15.91% 79.55% 
Learners are dominantly right-brained or left-
brained. 20.45% 2.27% 11.36% 47.73% 18.18% 
Humans use only 10% of their brain. 20.45% 15.91% 22.73% 20.45% 20.45% 
Differentiation means teaching to the 
student's learning style. 6.82% 2.27% 9.09% 63.64% 18.18% 
When designing instruction, educators 
benefit from a basic understanding of brain 
structure and function. 
4.55% 0.00% 2.27% 47.73% 45.45% 
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Table 9 
 
Post Session Survey Results Relating to Educator Knowledge of BBT&L Concepts 
Identify the extent to which you agree with 
the following 
Neither 
agree nor 
disagree 
Strongly 
disagree 
Somewhat 
disagree 
Somewhat 
agree 
Strongly 
agree 
Learning is based on biological changes. 2.3% 2.3% 13.7% 30% 52.3% 
Learning best occurs through interaction with 
information. 0.0% 0.0% 8.8% 13.6% 80% 
Teacher-driven instruction is very effective. 25.6% 39.5% 13.9% 16.3% 4.7% 
Learning activities should provide 
opportunity for exploration, invention, and 
creative application. 
0.0% 0.0% 0.0% 9.09% 90.9% 
Learners are dominantly right-brained or left-
brained. 45.5% 34.1% 11.4% 9.09% 0.0% 
Humans use only 10% of their brain. 2.3% 90.9% 2.3% 2.3% 2.3% 
Differentiation means teaching to the 
student's learning style. 27.9% 37.1% 9.3% 16.3% 9.3% 
When designing instruction, educators 
benefit from a basic understanding of brain 
structure and function. 
2.3% 0.0% 0.0% 11.4% 86.4% 
 
Markedly, the most significant shifts were shown in relation to knowledge of learning 
concepts labeled by learning sciences researchers collectively as neuromyths.  These shifts 
represent a gain of 33% to 50% in knowledge indicating a change in participant thinking about 
neuromyth concepts such as the percentage of brain used and teacher-driven instruction.   
It should be noted, however, that a different type of shift is demonstrated in the data 
gathered in relation to right-brain/left-brain dominance.  Figure 8, extrapolated from Tables 8 and 
9, shows the shift from 67% agreement with the false statement pre session survey to only 10% 
agreement in the post session survey.  Participants did not shift to a level of disagreement, 
however, instead, 45.4% indicated they neither agreed nor disagreed in the post session survey 
even after being presented with the research debunking the right-brain/left-brain myth.  In other 
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words, a little less than half of the participants were resistant to forego the concept of the right-
brain/left-brain as it most likely challenges deep-rooted existing understandings and beliefs. 
 
Figure 8.  Shift from Agreement to Undecided in the Area of Right-Brain/Left-Brain Dominance After 
Exploring Neuromyths 
The pre session and immediate post session surveys gathered data regarding 
participants’ rating of importance levels regarding environments for learning. Tables 10 and 11 
outline the survey statements and responses relating to importance of environment for learning.  
The data shows that participants attributed increased levels of importance to the environment 
and the role it can play for learning.  In comparison with the pre session survey, the post session 
survey data reflects a shift from at least 50% in moderately and very important categories to 
over 60% in the extremely important category (see Figure 9).  
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Table 10 
 
Pre Session Survey Results Relating Acknowledgment of Importance Regarding Environment 
for Learning  
Identify the extent to which the following 
is important for learning 
Not 
Important 
Slightly 
important 
Moderately 
important 
Very 
important 
Extremely 
important 
An environment that fosters creative 
thinking. 0.00% 0.00% 9.09% 61.36% 29.55% 
An environment that is supportive and 
challenging. 0.00% 0.00% 9.09% 50.00% 40.91% 
An environment where movement is 
encouraged. 0.00% 4.55% 20.45% 45.45% 29.55% 
An environment where questioning is 
encouraged. 0.00% 0.00% 11.36% 47.73% 40.91% 
 
Table 11 
 
Post Session Survey Results Relating Acknowledgment of Importance Regarding Environment for 
Learning 
Identify the extent to which the following 
is important for learning 
Not 
Important 
Slightly 
important 
Moderately 
important 
Very 
important 
Extremely 
important 
An environment that fosters creative 
thinking. 0.00% 0.00% 6.82% 27.27% 65.91% 
An environment that is supportive and 
challenging. 0.00% 0.00% 9.09% 18.18% 72.73% 
An environment where movement is 
encouraged. 0.00% 0.00% 9.30% 27.91% 62.79% 
An environment where questioning is 
encouraged. 0.00% 0.00% 4.55% 18.18% 77.27% 
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Figure 9.  Pre and Post Session Responses Indicating Importance Level of Environments for Learning 
Sub-finding C. The Difference Between Overall Pre and Immediate Post Session 
Mean Scores Are Statistically Significant  
 The previous sections addressed areas of awareness and knowledge across a number of 
individual survey items.  This section will examine the combined mean scores of the pre session 
data as compared to the combined mean scores of the post session data.  Mean scores were 
calculated for the pre session and post session data to identify changes or trends in participants’ 
responses by assuming numerical values associated with the Likert scale of responses.  
Individual question means are illustrated in Table 12 for pre session and post session data.  The 
third data column, shaded in blue, emphasizes an increase in each area contributing to growth in 
awareness and knowledge of BBL and BTT concepts.  
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Table 12 
Calculated Mean Scores for Pre Session and Post Session Surveys Relating to Educator Awareness of 
BBT&L Concept 
Identify the extent to which you are familiar with the following 
Pre Survey 
Question 
Mean 
Post Survey 
Question 
Mean Diff. 
A positive emotional climate paves the way for higher levels of 
learning and performance. 3.9 4.5 +0.6 
Novelty in the environment can foster attention. 3.4 4.3 +0.9 
Environmental factors can enhance the learning experiences. 3.7 4.5 +0.8 
Active learning enhances long term retention of content. 4.1 4.5 +0.4 
Applying knowledge in real-world settings engages systems of 
retrieval and integration. 3.7 4.3 +0.6 
Timely feedback about performance is useful as a means of 
reinforcing students' knowledge. 3.9 4.5 +0.6 
Relevant feedback about performance is useful as a means of 
reinforcing students’ knowledge. 3.8 4.5 +0.7 
Identify the extent to which the following is important for learning 
Question 
Mean 
Question 
Mean Diff. 
An environment that fosters creative thinking. 4.2 4.6 +0.4 
An environment that is supportive and challenging. 4.3 4.6 +0.3 
An environment where movement is encouraged. 4.0 4.5 +0.5 
An environment where questioning is encouraged. 4.3 4.7 +0.4 
Identify the extent to which you agree with the following 
Question 
Mean 
Question 
Mean Diff. 
Learning is based on biological changes. 2.8 3.0 +0.2 
Learning best occurs through interaction with information. 3.6 3.8 +0.2 
Teacher-driven instruction is very effective. 2.0 2.6 +0.6 
Learning activities should provide opportunity for exploration, 
invention, and creative application. 3.7 3.9 +0.2 
Learners are dominantly right-brained or left-brained. 1.6 3.0 +1.4 
Humans use only 10% of their brain. 1.9 3.8 +1.9 
Differentiation means teaching to the student's learning style. 1.8 2.7 +0.9 
When designing instruction, educators benefit from a basic 
understanding of brain structure and function. 3.3 3.8 +0.5 
 
The sum of individual mean scores across all pre session items signifies an increase of 6.2 
points in the area of awareness and an increase of 5.9 points in the area of knowledge (see Figure 
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10) when compared to the sum of individual mean scores across all post session items.  Using 
SPSS, a paired t-test indicated there was a very small probability of the results occurring by 
chance.  The paired t-test for pre session and post session in the area of awareness showed a P-
value less than 0.05 (t = 5.3, p = .000) (see Appendix L for Awareness Level T-test Output from 
SPSS). The paired t-test for pre session and post session in the area of knowledge showed a P-
value less than 0.05 (t = 7.44, p = .000) (see Appendix M for Knowledge Level T-test Output 
from SPSS). Meaning, the evidence collected strongly suggested that the professional learning 
session resulted in a statistically significant increase in participant’s knowledge and awareness of 
concepts of BBL and BTT.  
Additional tests were run to determine if there was a statistically significant difference 
between mean scores of sub-groups but none were detected.   
 
Figure 10.  Mean Score Average Increase - Comparison 
The data presented in this section reflects a strong indication that professional 
development has an effect on educators’ levels of awareness and knowledge as they pertain to 
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BBL and BTT concepts.  Educator levels of knowledge and awareness increased to varying 
levels of significance.  The most significant gains were reflected in the consideration of 
environment and its effect on learning.  As part of the delayed post interviews, IP#5 echoed a 
similar finding stating, “I’ve always been interested in hearing about the brain stuff and how kids 
learn and how I can best reach them.  I thought I had a lot of knowledge in that area.  But I 
realized after the session that had no idea what I didn’t know.”  
Finding #2: Educator’s Experiences as Learners Influences Their Roles as Teachers  
As part of the learning session, participants were introduced to strategies that 
incorporated BBL concepts and exemplified BTT strategies.  Further, participants were 
encouraged to consider their experiences as learners participating in the BTT learning session.  
Universally participants commented on the strategies and how the experiences can result in 
changes to their classroom approach and design.  For example, one participant, a high school 
English teacher, articulated the following during the learning session,  
I really appreciated all the time for talking.  It really helped.  And it seems so simple.  
Just let the students talk! I felt comfortable talking to those around me.  We had easy 
conversations.  That helped make sense of the information for me.  And I want my 
students to have that opportunity too. 
Another participant expressed a similar comment as part of the open-ended immediate 
post session survey writing: 
The learning session opened my eyes to things like emotional climate and how the brain 
works when it comes to learning and different types of memory.  I have a renewed 
appreciation for the process of learning.  And because of that, an awareness for teaching 
instruction that focuses on strategies that best promote learning.   
 76 
 The following sub-findings explore the participant perceptions regarding their 
involvement as learners experiencing BTT strategies. Sub-finding A shares participants’ 
reflective responses about their roles as learners while sub-finding B reveals participants’ 
considerations for learning through the lens of their students as a result of their own experiential 
learning.   
Sub-finding A: Educators Recognize Impact of BTT Strategies on Their Own 
Learning Experience 
As part of the delayed post survey and four-week post interviews, participants were asked 
to reflect on their experiences as learners participating in the BTT learning session.  Commonly, 
as outlined in the following paragraphs, participants revealed new awareness of on the impact of 
the physical environment and emotional climate and of the importance of interaction and 
discussion with fellow learners during the learning experience.  The participants expressed that 
both concepts played an important part in their own process of learning during the learning 
session. 
Consistent with Brain-Target One, the emotional climate, and Brain-Target Two, the 
physical environment, the learning session was designed to promote a feeling of comfort in a 
risk-free environment. Learners were afforded opportunities for movement, interaction, and self-
expression through the use of BTT strategies. In an open-ended delayed post survey response an 
elementary educator wrote, “The easy flow of the conversations encouraged me to talk and share 
more.”  Another educator, at the middle school level, penned, “The room felt relaxed.  Both 
getting feedback and giving feedback about ideas occurred freely within the groups and pairs.”   
Frequent opportunity for discussion is primarily derivative of Brain-Target Four as it 
promotes mastery of contents, skills, and concepts.  As part of the learning session, participants 
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were encouraged to engage in brainstorming and questioning activities through think-pair-share, 
think alouds, and group discussions.  Consistently, participants expressed appreciation for the 
opportunities to engage in conversation as part of their own learning.  In the open-ended delayed 
post survey, one educator wrote, “Discussion was a great way to explore the new and innovative 
concepts that can enhance the learning experience”.  During the four-week post interview, 
similar thoughts on the value of discussions for learning were shared by two educators.  IP #3, a 
seventh grade educator, expressed:  
I enjoyed the opportunity to turn-and-talk.  I think we always have to remember that 
people want to share.  They appreciate the opportunity to share.  And children, our 
students, are the same.  Instead of just listening to the teacher, it is important to provide 
that time to reflect, to jot down ideas, or turn and talk with a group. 
IP #4, a sixth grade educator, echoed, “Everyone seemed to be participating and sharing.  
Everyone was very engaged and talking.  And that helped me to stay focused and engaged.” 
In summary, sub-finding A outlines the participants’ reflections based on their own 
learning experiences. During the interviews, an elementary educator, IP #2, inadvertently 
summed up the thoughts of many of the participants stating, “As a learner in the workshop, I 
thought about what we did as students. I used the time to think about how I could include or even 
expand or improve upon those same strategies as a teacher.”  Sub-finding B explores the impact 
on instructional decisions when educators consider the experiences of their students. 
Sub-finding B: Educators Recognize Renewed Sensitivity to Their Students’ Needs 
After Their Experience as Learners  
As participants shared their experiences in the learning session, many noted the 
importance of considering learning through the student lens as opposed to their professional role 
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as an educator.  Open-ended comments from the delayed post survey were consistent throughout 
each level taught.  A high school educator pointed out: 
We are not expert neuroscientists.  But we have expertise in education. And as an 
educator, I found it interesting to think about the learning perspective as a student.  Not 
think of them as just sitting there and listening.  But thinking about how they think. 
A middle school educator wrote, “It’s hard for adults to put themselves in the shoes of the 
student.  Participating in this workshop reminded me to try to understand how the students think 
and how they feel as part of my classroom.”  An elementary school educator admitted, “After 
years of teaching you get in to the habit of routine...not that I don’t think about my students at 
all…but you start to remember to think about them emotionally not just in the instructional 
aspect.”  
Another area of participant interest centered on the relationship between the educator and 
student.  As part of the interviews, two middle school educators, IP#3 and IP#4, commented on 
the importance of making connections with their students.  IP#3 noted, “Teachers who become 
very separated forget what it is like to be a student.  I feel I have a good grip on the mind of a 
student because I try to make personal connections,” while IP#4 acknowledged, “Connecting 
with your students and trying to get to know them is so important.  It really builds trust. I do that 
every year, but this year, inspired by the workshop, I felt I had a renewed purpose.” 
Participants also commented on the value of physical movement and instructing to a 
multitude of learning styles.  As part of an open-ended immediate post survey question, a third 
grade educator offered, “As a learner, I appreciated the ability to move around and talk and 
experience different ways of learning.  I’m trying to think about that for my students.”  This 
response was echoed by another third grade educator on the immediate post survey who wrote:  
 79 
Last year I got in the habit of doing brain breaks.  I would do one each day in the middle 
of the day.  But now I realize, after participating as a student in a six-hour session, that I 
may need to do them more often.  I need to be more in-tune with my students to notice 
when they need a break.  I recognize that after the break they will most likely be better 
focused. 
In summary, Finding #2 considered the role of the educator as a learner engaged in BTT 
strategies.  Further, it explored the participants’ reflections on their roles as learners and how the 
experiences can impact the participants’ future approach to instruction.  
Finding #3: Educators Consider Concepts of BBL and BTT to Design Pedagogy  
The learning session was designed to not only expose participants to concepts of BBL but 
also to engage them in BTT strategies as part of their learning processes.  Ultimately, the goal 
was to model the intended change and thereby inspire the consideration of BBL and BTT in the 
participants’ future design of classroom instruction.  Therefore, as part of the delayed post four-
week survey, the participants were asked to reflect upon their consideration of each of BTT’s six 
brain-targets when designing pedagogy.  As per the data displayed in Table 13, the participants 
commonly articulated that they were considering brain-targets in the planning of their pedagogy 
(over 90%), with at least half or more recognizing an increase in their consideration in the four 
weeks following the learning session (shaded area).  
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Table 13 
 
Level of Frequency in Which Brain-Targets Are Considered in Pedagogy 
 
Do Not Plan 
to Apply 
Apply with 
Same 
Frequency 
Apply with 
more 
frequency 
Plan to Apply 
Brain-Target One: Emotional Climate 0% 44% 56% 0% 
Brain-Target Two: Physical Environment 0% 40% 56% 4% 
Brain-Target Three: Learning Design 4% 60% 36% 0% 
Brain-Target Four: Teaching for Mastery 4% 56% 36% 4% 
Brain-Target Five: Teaching for Application  0% 72% 24% 4% 
Brain-Target Six: Evaluating Learning 4% 64% 24% 8% 
 
To follow up, participants were asked to indicate the level of occurrence in which they 
apply or plan to apply BTT strategies in their classroom.  The immediate post and delay post 
responses are shared respectively in Tables 14 and 5.  Overall, the data gathered reflects an 
increase in the occurrence of applied BBL and BTT strategies in participants’ classrooms. Most 
notable, as per the shaded areas of Tables 14 and 15, was the shift from an indication of never in 
the immediate post survey, in which participants were asked to reflect on past practice, to a more 
frequent occurrence in the delayed four-week post survey where educators were asked to reflect 
upon current and projected classroom pedagogy.  Conspicuously, in the area pertaining to 
students setting their own learning goals, a small percentage (4%) of participants continue to 
indicate never as their frequency.  This is most likely due to their interpretation of curricular 
goals as being static as opposed to dynamic.  The participating educators in this study expressed 
their concern stating that the rigorous timeline imposed by the curriculum allows for very little 
deviation. For example, during the learning session, a middle school language arts educator 
explained, “There is so much to get done in a day.  It’s sad.  There is no time to explore 
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creativity or to empower our students in their own learning.  We have to stay on target.”  In other 
words, educators feel there is little opportunity for individualization of learning goals.   
Table 14 
 
Immediate Post Session Survey  – Reflecting On Classroom Instruction And Strategies Prior To The 
Learning Session 
Identify the extent to which you encouraged 
your students to… Never Sometimes 
About half 
the time 
Most of the 
time Always 
Set their own learning goals 9.52% 38.1% 35.7% 16.7% 0.0% 
Set their own process goals  7.1% 50.0% 26.2% 16.7% 0.0% 
Identify strategies for achieving their goals. 0.0% 28.6% 35.7% 31.0% 4.8% 
Choice in how they demonstrate learning 
(assessment) 14.3% 26.2% 40.5% 14.3% 4.8% 
Revise goals when necessary. 4.8% 35.7% 23.8% 28.6% 7.1% 
Adjust their actions on their own to achieve 
goals 0.0% 40.5% 33.3% 23.8% 2.4% 
Give constructive feedback to their peers. 2.4% 23.8% 35.7% 23.8% 14.3% 
Reflect on their process of achieving their 
goals. 0.0% 33.3% 28.6% 26.2% 11.9% 
Evaluate their own work. 0.0% 23.8% 40.5% 28.6% 7.1% 
Identify the extent to which you agree with 
the following… 
Neither 
agree nor 
disagree 
Strongly 
disagree 
Somewhat 
Disagree 
Somewhat 
Agree 
Strongly 
Agree 
My students can articulate what is expected 
of them. 11.9% 0.0% 0.0% 69.0% 19.0% 
My students know how they are being 
evaluated. 7.1% 2.4% 0.0% 71.4% 19.0% 
My students work well with their peers 21.4% 2.4% 0.0% 59.5% 16.7% 
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Table 15 
 
Delayed Post Session Survey – Classroom Instruction And Strategies Four Weeks Post The Learning 
Session 
Identify the extent to which you encourage 
your students to… Never Sometimes 
About half 
the time 
Most of 
the time Always 
Set their own learning goals 4.0% 32.0% 24.0% 28.0% 12.0% 
Set their own process goals  0.0% 32.0% 28.0% 32.0% 8.0% 
Identify strategies for achieving their goals. 0.0% 12.0% 24.0% 32.0% 32.0% 
Choice in how they demonstrate learning 
(assessment) 0.0% 36.0% 32.0% 24.0% 8.0% 
Revise goals when necessary. 0.0% 12.0% 32.0% 32.0% 24.0% 
Adjust their actions on their own to achieve 
goals 0.0% 8.0% 28.0% 44.0% 20.0% 
Give constructive feedback to their peers. 0.0% 8.0% 36.0% 28.0% 28.0% 
Reflect on their process of achieving their 
goals. 0.0% 8.0% 40.0% 40.0% 12.0% 
Evaluate their work. 0.0% 8.0% 24.0% 52.0% 16.0% 
Identify the extent to which you agree with 
the following… 
Neither 
agree nor 
disagree 
Strongly 
disagree 
Somewhat 
Disagree 
Somewhat 
Agree 
Strongly 
Agree 
My students can articulate what is expected 
of them. 3.5% 0.0% 0.0% 51.7% 44.8% 
My students know how they are being 
evaluated. 6.9% 0.0% 0.0% 41.4% 51.7% 
My students work well with their peers 3.5% 0.0% 0.0% 55.2% 41.4% 
 
It should be noted that a significant gain, extrapolated from Tables 14 and 15, was found 
in the frequency for encouraging student choice in how to demonstrate learning (see Figure 11).  
The data shows a 5% gain from immediate post session to delayed post session in allowing 
student choice in demonstrating learning at least half the time.  Further, the data reflects a 13% 
gain in allowing student choice more than most of the time.  Most notable, the percentage of 
those that indicated they never allow for student choice decreased from 14.3% to 0.0%.  
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Figure 11.  Comparative Data Regarding Allowance of Student Choice in How to Demonstrate Learning 
Mean scores were calculated to identify changes or trends in participants’ responses by 
assuming numerical values associated with the Likert scale of responses.  Table 16 illustrates the 
mean scores per question as well as overall.  Outlined by the shaded area, the mean scores 
increased in every instance representing a rise in the usage of BTT strategies in the classroom as 
part of educator’s daily pedagogy.  Using SPSS, a paired t-test indicated there was a very small 
probability of the result occurring by chance as the P-value was less than 0.05 (t = 4.9, p = .000) 
(see Appendix N for T-test Output from SPSS). Meaning, the evidence collected strongly 
suggests that the experience of the professional learning session resulted in a statistically 
significant increase in the integration of BTT strategies in participant classrooms. Showcased in 
Table 16, the overall mean average score increased in each individual area and a total of 6.7 
points overall. 
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Table 16 
 
Results of Paired T-Test Comparing Immediate Post Session and Delayed Post Session Survey 
Means 
Identify the extent to which you encouraged your 
students to… 
Immediate 
Post Survey 
Question 
Mean 
Delayed Post 
Survey 
Question 
Mean 
Diff. 
Set their own learning goals 2.6 3.0 +0.4 
Set their own process goals  2.5 3.1 +0.6 
Identify strategies for achieving their goals. 3.1 3.8 +0.7 
Choose in how they demonstrate learning 
(assessment) 2.7 3.0 +0.3 
Revise goals when necessary. 3.0 3.5 +0.5 
Adjust their actions on their own to achieve goals 2.9 3.7 +0.8 
Give constructive feedback to their peers. 3.2 3.8 +0.6 
Reflect on their process of achieving their goals. 3.1 3.6 +0.5 
Evaluate their work. 3.1 3.7 +0.6 
Identify the extent to which you agree with the 
following… 
Question 
Mean 
Question 
Mean Diff. 
My students can articulate what is expected of them. 3.8 4.3 +0.5 
My students know how they are being evaluated. 3.9 4.3 +0.4 
My students work well with their peers 3.5 4.3 +0.8 
 37.4 44.1 +6.7 
 
Further analysis of the data outlining the current usage of BTT strategies in the classroom 
revealed a notable trend in the application of strategies at the middle level in comparison to the 
elementary and high school levels (see Table 17).  While the elementary and high school levels 
increased 4.8 and 5.8 points respectively, the increase at the middle level was double at 13.4 
points (see Figure 12).   
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Table 17 
 
Comparison of Immediate and Delayed Post Survey Means by Level Taught 
Level Taught 
Immediate 
Post Session Mean 
Delayed 
Post Session Mean Gain 
Elementary 38.0 (n=25) 42.8 (n=14) +4.8 
Middle 35.2 (n=11) 48.6 (n=10) +13.4 
High School 38.0 (n=8) 43.8 (n=5) +5.8 
 
 
 
Figure 12.  Application of BTT Strategies in Classrooms: Comparing Immediate Post Survey and 
Delayed Post Survey Means by Level Taught 
Sub-finding A: Educators Examine Current Practice Based on Learning Science 
Research 
As part of the post survey, which was administered immediately following the learning 
session, participants were asked to indicate the extent to which they applied a sampling of BTT 
strategies in their classroom prior to the learning session.  Twenty-seven participants (62%) 
reported that they apply the strategies to some extent throughout the school day. Several 
educators expressed their satisfaction at feeling validated regarding strategies they already 
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employ in their classrooms.  Participants expanded on their thoughts as part of the open-ended 
questions.  For example, they offered the following written statements:   
•  “This experience allowed me to reflect on what I already do and why I should keep 
doing it.” 
•  “I realized some of the lessons I viewed as fluff in the past are actually more valuable 
than I thought for learning.” 
• This session “was great to reinforce some things I already do in the classroom…and to 
change some things that could work better in the classroom.” 
The feeling of validation was reiterated during the interviews by IP #4 who explained:  
There were a couple of items specifically that caused me to think, hey, I do these 
strategies and methods in my classroom. Specifically there was one activity I do with the 
students where when we study the phases of mitosis I get up and I do the mitosis hand 
jive with my students.  And I never thought it to be as valuable at the time that we had 
done it the last five or six years until this course pointed out little things like songs and 
poems, raps things like that actually are valuable because they are using different senses 
and engaging different learning styles.  It’s an activity more valuable as a learning tool 
than I had previously thought. 
While some strategies were validated given the information shared in the learning session others 
challenged current practice. An activity exploring neuromyths revealed information that caused 
educators to question existing beliefs about learning that drive their current practice. While data 
was collected regarding neuromyths as part of the pre-survey, due to timing the information was 
not available for use to inform the learning session.  Therefore, the instructor used an online 
formative assessment tool called Nearpod, an “interactive classroom tool for teachers to engage 
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students with interactive lessons” (“Nearpod,” n.d.), during the learning session.  The tool was 
used to develop a live understanding of participants’ baseline knowledge of neuromyth concepts 
(see Appendix O for the Nearpod interactive lesson).  It is important to note that although there is 
a full array of learning sciences research on neuromyths, the learning session addressed only a 
sampling of these myths.  As part of this formative assessment, participants were presented with 
true /false statements and asked to anonymously input their answers via their mobile device.  
After participants submitted their response to each statement, the correct answer was 
immediately revealed and discussed.  During the ensuing discussion, one participant, a district 
ESL (English as a Second Language) educator, expressed her surprise pondering, “Where did 
these misconceptions come from?  I wonder what the original data was that lead people to 
believe, for example, that only 10% of the brain is used?”  Figure 13 summarizes the true/false 
statements and participant responses gathered using the online formative assessment tool. 
Responses to Neuromyth #6 regarding brain capacity growth after birth revealed that 
91% of the participants were aware that brain capacity was not determined from birth.  
Conversely, the remaining statement responses indicated a myriad of misconceptions and 
misleading beliefs.  Particularly of interest was the response to Neuromyth #4, concerning right-
brain/left-brain dominance, which revealed that slightly more than half of the participants (54%) 
believed that the brain possesses a clear right or left dominance.  In regard to instructional 
strategies that match preferred learning styles, Neuromyth #5, over 75% of participants thought it 
was best to use strategies that correlated to preferred learning styles.  In regard to the percentage 
of the brain used at any given time, Neuromyth #1, 90% believed that less than 100% of the 
brain is used.  Also, it should be noted that short answer responses, collected using the online 
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formative assessment tool, revealed that over half of the participants indicated a value of less 
than 30% regarding the percentage of the brain that is used at any given time.  
 
Neuromyth #1: Humans use 10% of their brain.  Correct Answer:  False  
Neuromyth #2: Listening to classical music while learning increases growth and achievement. Correct Answer:  False 
Neuromyth #3: Drinking less than the equivalent of six glasses of water per day can cause the brain to dehydrate and shrink, 
impairing learning. Correct Answer: False 
Neuromyth #4: Learners are either dominantly left-brained (rational and objective) or right-brained (intuitive and creative). 
Correct Answer: False 
Neuromyth #5: Individuals learn better when they receive information in their preferred learning style (e.g. auditory, visual, 
kinesthetic).  Correct Answer: False 
Neuromyth #6: A person's brain capacity for learning is determined from birth.  Correct Answer:  False  
 
Figure 13.  Results of True/False Neuromyth Questions 
As part of the interviews, participants shared information about misconceptions of 
neuromyth concepts.  Although the interviews did not specifically ask about neuromyths, many 
of the interviewees voiced their surprise and concern regarding the influence these concepts can 
have on classroom pedagogy. A sixth grade educator, IP #3, noted, “I got so many wrong. And it 
drives what and how we teach.  That’s scary.  And it is also interesting.”  The educator further 
reflected: 
I was encouraging students to learn primarily using their preferred style.  I thought that 
was the best for them.  I realize now I might have been encouraging them to alienate or 
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ignore their other learning styles.  I was inadvertently discouraging them to explore 
multiple ways of learning.  Based on what we talked about today, that’s scary. 
In summary, given the pre and post data, as well as the data gathered from the formative 
assessment and interviews, it is clear that instructional decisions are often based on incorrect 
information.  Educators can greatly benefit by exploring research from the learning sciences 
regarding neuromyths as these concepts may be driving instruction. 
Sub-finding B: Educators Implement Incremental Increases in the Application of 
BTT Strategies in the Classroom 
The learning session was designed to engage participants in a variety of BTT strategies to 
support their learning processes.  Further, literature was shared during the learning session that 
provided participants with a listing of strategies for instruction relating to each of the six brain-
targets.  For example, during the learning session, participants were asked to sketch the layout of 
their classroom.  As the conversation continued regarding the impact of the physical environment 
on learning, educators were asked to indicate physical changes or enhancements they could 
consider in their classroom.  
Four weeks following the learning session, as part of the delayed post survey, participants 
were presented with a set of BTT strategies and asked to indicate their frequency of usage in 
their classrooms following the learning session.  Table 18 outlines the data collected.  For each 
of the strategies presented, participants universally indicated an increased level of usage or intent 
for usage whereas only a small percentage shared they were applying with the same frequency.  
Over 75% or more of the participants reported an increase in the application of each BTT 
strategies as a result of their experiences in the learning session (see shaded area in Table 18).   
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Table 18 
 
Reflecting on Use of Brain-Targeted Teaching Strategies in the Classroom 
 Apply with 
same 
frequency 
Plan to 
apply (have 
not yet) 
Apply with 
more 
frequency 
Increase 
Minimize threat-causing practices in my classroom 
while maximizing strategies that promote positive 
emotion. 
4.0% 52.0% 44.0% +96%  
Design a physical learning environment based on 
novelty, order, and beauty. 8.0% 48.0% 44.0% +92%  
Use content standards and curriculum guidelines to 
design overarching goals and concepts. 4.0% 80.0% 16.0% +96% 
Employ multiple ways to manipulate content, skills, 
and concepts. 4.0% 44.0% 52.0% +96% 
Utilize formative assessment strategies as part of 
instruction. 4.0% 56.0% 32.0% +88% 
Enhance meaningful connections to knowledge 
(musical performance, creative movement, drama, 
creative writing) 
16.0% 44.0% 32.0% +76% 
Design real-world activities for my students. 12.0% 40.0% 40.0% +80% 
 
The delayed post session survey included an opportunity for participants to describe the 
changes implemented in the four weeks following the learning session.  The changes were 
reflective of the cohesive and interrelated design of the BTT Model whereas the design of 
instruction is approached as an organic system.  Repetitive themes in the open-ended responses 
involved incremental changes in regard to the following: planning of instruction and 
incorporating variety; opportunities for risk in a safe environment; changes to the physical 
environment; and frequent occurrences of feedback.  A sampling of the participants’ open-ended 
responses follows. 
The participants described their efforts to integrate a BBL and BTT design in the 
classroom, which included a renewed commitment to incorporating variety in their instructional 
design.  The participants shared the following: 
 91 
• “When planning I consider lessons that engage all learning styles but also expose my 
students to different ways to learn.” 
• “Sometimes educators get stuck in the same routine or style of teaching year after 
year.  It is nice to refresh educators and remind them to make changes in their 
teaching year after year depending on the students they have.  I’m making changes!” 
•  “More choice and less homework.” 
• “I have always had students develop their own personal goal for the year.  This year, 
I’ve also incorporated their involvement in developing ways to achieve that goal as 
well as how we can evaluate their success.” 
Another common theme, relative to BT #1 and the emotional environment, was a 
renewed commitment to encouraging students to take risks and maintaining a safe environment 
where students felt comfortable doing so.  The participants’ thoughts include the following:  
• “The workshop made me think about the environment in my classroom and to give 
kids a positive atmosphere where they feel they can make mistakes.”   
• “I’m trying to make them feel comfortable taking risks.  If my students make a 
mistake I encourage them to raise their hand and share the mistake.  I ask what and 
how they learned from it.  I want them to be more comfortable taking risks.” 
• “I’m finding some ways to try to make my kids a little bit more comfortable in terms 
of making mistakes.  For example, I changed the way my students and I check their 
homework.  It is now a collaborative effort where freely asking questions and having 
conversations is encouraged.” 
In regard to physical environment, addressed specifically as part of BT #2, the 
participants shared the following: 
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• “I’ve implemented light covers to create a more calming environment.  I also added a few 
air fresheners.” 
• “I made some of the changes I indicated in the map I drew at the workshop.  I want my 
classroom to engage students in a dynamic way”  (see Appendix P for examples of hand-
drawn maps created during learning session). 
• “I made some simple changes to the classroom.  I added in some plants and an air 
freshener and some fall decorations.  We talked about changing things up.  That’s 
something that I want to do more of this year.” 
• “My desks now are in groups instead of rows.” 
• “I've added new quotes/sayings to my walls.” 
• “I am more thoughtful in my planning in regards to a physical learning environment.” 
BT #6 explains the benefit of evaluation and timely feedback.  The need for timely and 
meaningful feedback resonated with the participants as well.  They acknowledged their own need 
for recognition as learners and strived to incorporate the same for the students in their 
classrooms.  Their efforts were described as follows: 
• “I see how much the students appreciate and crave recognition that they’re doing 
what they are supposed to do. I’ve increased feedback to groups and individuals as I 
walk around.” 
• “Motivating students works. I now use timely and constant feedback to encourage 
this.  I know when I get positive feedback it not only makes me smile but also like I 
achieved something.” 
• “I purchased more stamps and stamp my students' papers as they are working.  It 
encourages them to keep working hard.” 
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In summary, following the learning session and based on the participants’ experiential 
involvement, participants integrated incremental changes in the design of their instruction.  The 
changes incorporated aligned with the cohesive and interrelated design of the six brain-targets 
and addressed a multitude of BTT strategies.  
Sub-finding C: Educators Observe an Increase in Student Engagement in Their 
Classrooms as a Result of Applied BTT Strategies  
Participants universally recognized the implementation of BTT strategies into classroom 
pedagogy as being effective.  Subjective data based on educator perceptions was collected as part 
of the delayed post survey.  Educator perceptions outline the level of effectiveness of each 
applied brain-target as observed in the classroom by the participants (see Table 19).  
Individually, each brain-target was observed by at least 92% or more to be effective in the 
classroom. The majority of responses were in the extremely effective range (see Figure 14).   
Table 19 
 
Level of Effectiveness as Observed in the Classroom by Participants 
 
Not 
Applicable 
Not 
Effective 
Slightly 
Effective 
Moderately 
Effective 
Extremely 
Effective 
Brain-Target One: Emotional Climate 0% 0% 0% 8% 92% 
Brain-Target Two: Physical Environment 0% 0% 4% 16% 80% 
Brain-Target Three: Learning Design 4% 0% 0% 16% 80% 
Brain-Target Four: Teaching for Mastery 8% 0% 0% 20% 72% 
Brain-Target Five: Teaching for Application  0% 0% 0% 20% 80% 
Brain-Target Six: Evaluating Learning 8% 0% 0% 20% 72% 
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Figure 14.  Effectiveness of BTT Strategies in the Classroom 
The delayed post session survey provided an opportunity for participants to comment via 
open-ended response.  Several participants noted that the applied BTT strategies had a positive 
effect on the emotional climate and increased the comfort level of their students in the classroom.  
A sixth grade ELA educator explained that her students are “not fearful to ask questions” and 
seem “more on task and ready to work.”  A high school social studies educator noted that he felt 
his students “appear to be more comfortable with each other at a faster pace this year then in 
recent years” and added, “collaboration among peers seem to be more at ease.”  The idea of a 
more comfortable environment resonated with an elementary physical education educator that 
said the students seem more “at ease knowing that they can make mistakes.” 
The observed effectiveness as a result of applied BTT strategies in the classroom was 
also emphasized during the semi-structured interviews.  Participants were asked to describe their 
observations. IP#5, a high school math educator, stated: 
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Students are taking ownership for their work.  When looking at the previous night’s 
homework, they are evaluating their own progress and learning.  They are doing so in a 
collaborative manner.  They all check together. Instead of having the answers on the 
board when they come in, the students sit in groups and talk together and just go over 
work and they seem to be doing a better job writing down notes themselves as to what’s 
wrong and helping each other with the problems.   
A seventh grade science educator, IP #4, echoed:  
They are more engaged on a daily basis through activities like think-pair-share and stop-
and-jot.  Both are such simple things but have huge results.  My students work with a 
partner or group at least seven, eight, or nine times throughout a class period.  
Acknowledging the power of frequent communication to engage everyone has 
completely revolutionized my approach.  
In summary, the findings from this two-phase, explanatory sequential mixed methods 
study show that professional development sessions that explore BBL and BTT can have a 
profound effect on pedagogy and instructional design, at least as reported by the participants in 
this study.  Three major findings emerged from the analysis of the complementary quantitative 
and qualitative data:  (a) the learning session resulted in an increase of awareness and knowledge 
of BBL and BTT concepts, (b) educators’ experiences as learners influence their role as teachers, 
(c) educators consider concepts of BBL and BTT in designing pedagogy.  Each finding is 
sustained with sub-findings.  Extrapolated from the findings and sub-findings, the next section 
will explain and examine the proposed results of the study.   
Results and Interpretations  
This study examined the overall effects of professional development designed to share 
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BBL and BTT concepts while implementing BTT strategies with learners.  The findings from 
this explanatory sequential mixed methods study emerged from the data collected via surveys 
and semi-structured interviews. Three findings were outlined in the previous section, each 
supported by sub-findings.  This section will present the three major results of the study 
extrapolated from the findings and sub-findings.  The results are discussed in relation to the 
relevant literature presented in Chapter 2. These results and the corresponding interpretations 
inform the recommendations offered in Chapter 5.   
The researcher offers three results and subsequent interpretations guided by the key 
findings, and in consideration of related literature in the field (see Figure 15).  The three results 
extrapolated from the synthesis of study data include: 
• Increased awareness and knowledge of research from the learning sciences can guide 
instructional decisions. 
• Modeling BTT strategies in professional development can increase usage in the 
classroom.  
• Implementation of BBL and BBT concepts for teaching and learning can increase student 
engagement.   
The results may offer educators and school leaders a greater understanding of the impact 
research from the learning sciences can have on teaching and learning.   
  
Figure 15.  Study Results Extrapolated from Findings and Interpretations 
 Result One: Increased Awareness and Knowledge of Research from the Learning Sciences 
Can Guide Instructional Decisions 
With the continual increase of technological capacities, researchers have the unique 
opportunity of utilizing sophisticated brain imaging to begin to explore the why behind what 
works in the classroom.  In other words, scientific imaging and interpretations can provide never-
before access to understanding the biological process of learning.  The convergence of scientific 
research and practical application in classroom settings is a natural progression. Research in the 
learning sciences has revealed valuable insights for consideration in K-12 classrooms, 
identifying best practice for instruction, assessment, and learner engagement (Geake & Cooper, 
2003; Weigmann, 2013).  Thus, BBL and BTT concepts offer a practical framework that can 
assist educators in designing classroom pedagogy.   
However, if misinformed or uninformed, educators will be at a disadvantage when 
considering teaching and learning strategies for their classroom.  Understanding the process and 
implications of BBL and BTT provides educators with a unique and profound opportunity to 
influence and facilitate optimal learning.  Conyers and Wilson (2015) agree, explaining that 
well-informed educators can enhance the development of coveted lifelong learning skills such as 
“resilience, optimism, motivation, happiness, productivity, performance, and well-being” (p. 9).  
In fact, Willis (2012) boldly explains that educators have a responsibility to assist students in 
learning based on concepts of BBL and BTT.   
The findings of this study coincide with the research of Connell (2009), Glick (2011), and 
Willis (2012) who explain that once educators understand the fundamentals of brain-based 
education, and implications for the classroom, they will begin to reflect upon its use for 
instruction.  Participants in this study demonstrated a shift in thinking given their increased 
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awareness and knowledge of research from the learning sciences as it pertains to teaching and 
learning.  Subsequently, they expressed increased considerations of BBL and BTT concepts and 
strategies to guide their instruction.  
Result Two: Modeling BTT Strategies in Professional Development Can Result in 
Increased Implementation in The Classroom  
Educators are in a unique position whereas they are often asked, as part of professional 
development, to teeter between the role of teacher and learner.  Niederhauser and Wessling 
(2011) advise that to understand new concepts, one must first take on the role of learner before 
effectively assuming the role of teacher.  Further, they offer that authentic experiences are 
necessary for all learners for fostering successful learning experiences, teachers and students 
alike (Niederhauser & Wessling, 2011).  
While BBL and BTT concepts can provide a framework for teaching and learning few 
educators are exposed to the information in a way that transforms their practice (Sikora, 2013).  
Therefore, the learning session was designed not only to expose educators to BBL and BTT 
concepts but was also designed to model the change intended.  Special attention was afforded to 
the physical environment and emotional climate, the development of meaningful experiences for 
participants, and timely feedback. In other words, educators were afforded the opportunity to 
develop skills actively while applying the exact strategies they are planning to utilize within the 
classroom.  Willis (2012) claims that using BBL strategies to assist in educating teachers about 
BBL and BTT can transform their pedagogy.  This study supports that claim as over 96% of 
participants reported an increased use of BTT strategies in the classroom.  Consistent with the 
findings of several researchers (Dubinsky et al., 2013; Hoffman, 2012; Sikora, 2013), this study 
demonstrated that educators are more likely to implement their newly acquired knowledge within 
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their learning environments following their experience with professional development that 
models the change intended. 
Result Three: Implementation of BBL and BBT Concepts For Teaching and Learning Will 
Increase Student Engagement 
Researchers emphasize that effective professional development is key to improving 
classroom pedagogy which in turn will improve student growth and achievement (DeMonte, 
2013; Desimone, 2011; Kuijpers et al., 2010; Webster-Wright, 2009).  This study postulated the 
same in suggesting that the use of BTT strategies in the classroom would influence classroom 
pedagogy thus increasing student growth and achievement. Further, research suggests a strong 
correlation between student achievement and student engagement (Dyer, 2015).  Student 
engagement is defined by Strong, Silver and Robinson (1995) as behavior of learners who are 
attracted to their work, persist despite challenges, and exert pride in accomplishing tasks.  
The BTT model, as a pedagogical approach, is designed to engage learners and 
encourage deeper and more meaningful thinking (Hardiman, 2012a).  Participants’ comments 
collected as part of the interviews repeatedly indicated a synergy between the increased use of 
BTT strategies in the classroom and the observed increase in student engagement. IP #1, an 
elementary teacher, supports this in stating that since using the strategies in the classroom the 
students “seem more engaged and more willing to ask questions.”  Further, she articulated, “I 
haven’t altered the content, of course, but my approach when introducing, practicing, revisiting, 
the material, well, that has changed.”  IP #4, a middle school teacher, expressed:  
My students are exponentially more engaged.  Not just a few students but all of my 
students.  Already.  Because I have them talk a lot and express themselves and make sure 
they feel comfortable doing so.  And we are only about four weeks into the school year.  I 
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plan to make more changes, implement more things we talked about in August, but 
slowly. And I’m anxious to see how that plays out with long-term results with student 
growth.  And achievement.  And standardized test scores. 
These comments along with data collected as part of the delayed post survey aligns with the 
research of Hardiman (2012a) who explained that when implementing a BTT model student 
outcomes include increased motivation, improved understanding of skills and concepts, and 
heightened engagement.   
Summary 
This explanatory sequential mixed methods study explored the impact of professional 
development designed to model the changes it intends to promote, namely the exploration and 
application of BBL and BTT concepts and strategies.  Educators that participated in the study not 
only increased their awareness and knowledge of BBL and BTT concepts, they also shared the 
pedagogical influence as well as the subsequent impact on students in their classroom.  
Based on the data collected via surveys and interviews, three themes emerged: (a) the learning 
session resulted in an increase of awareness and knowledge of BBL and BTT concepts, (b) 
educators’ experiences as learners influence their role as teachers, (c) educators consider 
concepts of BBL and BTT to design pedagogy.  Each theme is supported with sub-themes. 
Analysis of the themes, in conjunction with the literature review offered in Chapter 2, 
resulted in three findings identified and interpreted by the researcher, including:  (a) increased 
awareness and knowledge of research from the learning sciences can guide instructional 
decisions, (b) modeling BTT strategies in professional development can result in increased 
implementation in the classroom, and (c) implementation of BBL and BBT concepts for teaching 
and learning can increase student engagement.   
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This study has not only served to further stimulate interest in research from the learning 
sciences, it has also provided educators who participated in the learning sessions with a 
framework for catalyzing change in their classrooms.  While the participants have begun to 
embrace transformations aligned to BBL and BTT concepts, their continued application in the 
classroom will further solidify the value of a BTT model for teaching and learning.   
The findings, results and interpretations presented in this chapter will serve as the basis 
for Chapter 5, Conclusions and Recommendations. New research in the learning sciences is 
informing education. It is important that educators are introduced to the learning concepts via 
professional development.  New research is even more important as educators begin to engage as 
experiential learners.  Professional development should not be seen as a one-time offering.  It 
should continue to evolve as learning sciences research continues to expand and inform 
instruction, thus affording educators the opportunity for instances of short and long-term 
implementation.   
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Chapter 5 – Conclusions and Representations  
Introduction 
Research in the neuro and cognitive sciences continues to evolve with ongoing 
technological advancements that allow for a deeper understanding of brain function. More 
recently, studies of brain activity are being used to explore, classify, and explain learning 
processes (Weigmann, 2013).  The benefits of such research can serve to inform and guide 
education in ways previously not possible.  Disciplines such as the learning sciences, a new 
arena dedicated to the convergence of science and education, can greatly contribute to the future 
design of teaching and learning.  In fact, to ignore research from the learning sciences would be 
irresponsible; several researchers contend that the disconnectedness between science and 
education result in the creation of a major barrier to the improvement of educational practice 
(Patten & Campbell, 2011; Stein & Fischer, 2011; Willis, 2012).  Recognizing that educators in 
the K-12 environment play a significant role in teaching and learning, this study proved a unique 
opportunity for educators to both learn about research from the learning sciences, specifically 
concepts of BBL and BTT, as well as to experience the various BBL and BTT strategies 
firsthand as learners.  
Researchers and educational theorists maintain that to properly prepare for instructing 
students, educators must first experience the processes of acquiring, interpreting, managing, and 
applying new knowledge to gain understanding (Stein & Fischer, 2011; Willis, 2010).  In other 
words, for professional development to be considered effective it must include activities 
designed to afford educators the opportunity to involve themselves as learners in much the same 
way as their students would in the classroom. To that end, a professional development learning 
session titled Brain Targeted Teaching, offered as part of this study, was designed with the 
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following goals: (a) provide educators with brain-based research information with implications 
for teaching and learning, (b) afford an opportunity for educators to experience a BTT model as 
learners, and (c) model the BTT framework for use in the classroom.  The intended outcomes of 
the learning session designed for this study included advancing awareness and knowledge of 
BBL and BTT concepts while simultaneously increasing considerations for use of BBL and BTT 
concepts in educator classrooms. By increasing its application in the classroom, the effectiveness 
of instruction would thereby also increase.   
Using an explanatory sequential mixed methods approach, this study explored the impact 
of professional development designed to model the change intended.  Specifically, the study was 
designed to examine the extent of educator awareness and knowledge of brain-based research 
and implications for teaching and learning.  In addition, the study observed changes in classroom 
pedagogy following the integration of a BTT model in a professional development learning 
session. The following research questions, both quantitative and qualitative in nature, guided this 
study:   
1. To what extent are educators aware of current research in the learning sciences as it 
pertains to teaching and learning? 
2. Is there a difference in educators’ level of knowledge of research from the learning 
sciences regarding teaching and learning following a professional development 
session focused on brain-based concepts for teaching and learning? 
3. How do educators describe the impact of professional development that models the 
use of brain-targeted teaching strategies on their classroom practices? 
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4. To what extent do educators apply brain-targeted teaching strategies as part of their 
pedagogy following professional development that exemplifies the Brain-Targeted 
Teaching Model? 
Forty-forty K-12 public school educators, each enrolled in the professional development 
learning session, participated in this mixed methods study. Both quantitative and qualitative data 
were collected from surveys, semi-structured one-on-one interviews, and reflections of the 
researcher.  The qualitative data served to explain and extend the quantitative data.  Three major 
findings emerged from the data:  
1. The learning session resulted in an increase of awareness and knowledge of BBL 
and BTT concepts. 
2. Educators’ experiences as learners influence their role as teachers. 
3. Educators consider concepts of BBL and BTT to design pedagogy.   
Each finding is sustained with sub-findings.  In summary, the findings from this study show that 
professional development sessions that explore BBL and BTT can have a profound effect on the 
design of teaching and learning.  
Extrapolated from the findings and sub-findings, three major results were interpreted and 
presented in relation to the relevant literature reviewed in Chapter 2:  
1. Increased awareness and knowledge of research from the learning sciences can guide 
instructional decisions. 
2. Modeling BTT strategies in professional development can increase usage in the 
classroom.  
3. Implementation of BBL and BBT concepts for teaching and learning can increase 
student engagement.   
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The results of this study complement both the author’s epistemological view of 
knowledge acquisition through the constructivist lens and the relevant literature as presented in 
Chapter 2.  Concepts of BBL and BTT mirror the tenets of the constructivist theory of learning 
whereas learners build meaningful connections when presented with new knowledge to increase 
levels of understanding.  The study results supported the constructivist view as participants’ 
engaged in BTT strategies designed to facilitate manipulation of information.  The result was an 
expanded and reinforced understanding of BBL and BTT concepts.  Further, consistent with 
research from Connell (2009), Glick (2011), and Willis (2012), this study found that educators, 
when equipped with an understanding of BBL and BTT and implications for the classroom, 
begin to consider its use for instruction.  Finally, supported by the research of Cambourne 
(2000), this study also evidenced that modeling strategies can be a cornerstone in professional 
development as it provides an observable framework as well as an opportunity for first-hand 
experience of the intended outcome. 
The results of this study will serve to provide a greater understanding for the need for 
professional development in the area of BBL and BTT as well as of the impact research from the 
learning sciences can have on teaching and learning.  The conclusions in the next section offer 
responses to the research questions that framed the study.  
Conclusions 
This study advocates for the integration of BBL and BTT concepts in education as part 
of professional development and, subsequently, in the K-12 public school classroom.  
Understanding and examining the experience of educators following applicable professional 
development will aid in determining steps to secure the role of BBL and BTT environments 
for all learners.  Drawing from the evidence presented in Chapter 4, conclusions to the four 
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research questions are presented.   
Research Question 1: To what extent are educators aware of current research in the 
learning sciences as it pertains to teaching and learning? 
Educators that participated in this study were only minimally aware of research from 
the learning sciences prior to the learning session.  As part of the pre session survey, 
participants indicated some awareness of the concepts connected to BTT and BBL, the extent 
to which primarily fell within the range of moderately familiar and very familiar. The post 
session survey reflected a 30% increase in level of educator awareness with the majority of 
responses moving from a level of moderately familiar to extremely familiar.  
Participants’ limited awareness of BBL and BTT concepts prior to the learning session 
aligned to their narrow understanding of the impact for teaching and learning.  The study showed 
that as educators increased their awareness they subsequently increased their consideration of 
BBL and BTT for classroom design.  An increase was evidenced between 10% and 68% when 
comparing those that applied strategies less than half the time before the learning to those that 
applied the strategies most of the time after the learning session.  Further, the data showed that 
all participants recognized some increase in the consideration BTT’s six brain-targets in the 
planning of their pedagogy.   
This study demonstrates an increase in frequency of application following the learning 
session implying that participants increased their level of awareness of BBL and BTT concepts.  
Their increased awareness resulted in a shift in thinking regarding research from the learning 
sciences as it pertains to teaching and learning.  
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Research Question 2:  Is there a difference in educators’ level of knowledge of research 
from the learning sciences regarding teaching and learning following a professional 
development session focused on brain-based concepts for teaching and learning? 
As part of this study, the pre session and immediate post session surveys gathered data 
regarding participants’ level of knowledge of BBL and BTT.  The data collected revealed a 
statistically significant increase in knowledge of research from the learning sciences following a 
learning session dedicated to the exploration of BBL and BTT concepts.  Educators’ knowledge 
increased to varying levels of significance based on the responses gathered.  For example, in 
relation to neuromyths identified by learning science researchers, educators’ knowledge level 
increased 43%.  Another example, in relation to the importance of emotional climate and 
physical environment for teaching and learning, shows the level of educator knowledge 
increased approximately 35%.   
On average, the pre and immediate post session surveys demonstrated a gain of 17%.  
Using SPSS, a paired t-test indicated there was a very small probability of the result occurring by 
chance as the P-value was less than 0.05. Meaning, the evidence strongly suggested that the 
professional learning session resulted in a statistically significant increase in participant’s 
knowledge of concepts of BBL and BTT.  
Research Question 3: How do educators describe the impact of professional development 
that models the use of brain-targeted teaching strategies on their classroom practices? 
Educators that participated in this study were asked to describe their learning experiences 
and to reflect upon applied changes, or intent to apply changes, to their pedagogy.  Universally, 
educators agreed that the experience of the learning session impacted their pedagogical 
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approach.  One participant shared that the experience of the learning session “made me think 
about how I teach and how I design learning activities for my students.”   
The learning session was designed to introduce participants to strategies that incorporated 
BBL concepts and exemplified BTT strategies through experiential involvements.  Thenceforth, 
participants were encouraged to consider their experience in the role of the learner participating 
in the BTT learning session.  Commonly, they expressed positive reflections in regard to their 
experience as learners interacting with BBL concepts and correlating BTT strategies. The 
participants reflected on a multitude of concepts and strategies, noting the important role both 
played in their own process of learning.  
Participants commented that their engagement in BBL and BTT strategies during the 
learning experience prompted them to considering learning through the student lens.  Too often, 
they explained, educators find themselves in a mindset whereas instances of tunnel vision hinder 
their overall outlook of teaching and learning.  As a result of the experience in the learning 
session educators expressed a renewed dedication to considering the thoughts and feelings of the 
students as they experience learning.  
Research Question 4: To what extent do educators apply brain-targeted teaching strategies 
as part of their pedagogy following professional development that exemplifies the Brain-
Targeted Teaching Model? 
Ultimately, the goal of the learning session was to model the intended change and thereby 
inspire the consideration of BBL and BTT in the participants’ future design of instruction.  Four 
weeks after the learning session, participants were asked to indicate their consideration of each 
of BTT Model’s six brain-targets when designing pedagogy.  The data collected demonstrated a 
50% increase in the consideration of brain-targets in the planning of the pedagogy. In addition, 
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when considering each brain-target individually, over 90% of participants indicated the target as 
extremely effective in the classroom.  
The learning session modeled a myriad of BBL and BTT strategies.  Based on responses 
collected four weeks following the session, the data showed over a 75% increase in the 
application of a sampling of BTT strategies. For each of the strategies presented, participants 
universally indicated an increased level of usage or intent for usage.  Participants also observed 
an increase in student engagement as a result of their newly applied BTT strategies. 
The learning session also exposed participants to neuromyths as identified by the learning 
sciences.  As a result, participants considered the influence neuromyths may have on the current 
design of their instruction.  They expressed their surprise at concepts debunked by neuromyth 
research and commented on the need for changes to instruction based on their newly acquired 
information.   
In summary, the conclusions presented in response to the research questions offer 
preliminary insights that can guide future designs of professional learning for educators. The 
instructional modifications noted by participants were reflective of BTT’s cohesive and 
interrelated framework, approaching the design of instruction as an organic system.  This study 
supports the implementation of a similar design on the part of the educators following their 
experience of the learning session.  Overall, this study’s results and conclusions encourage the 
continued incorporation of research from the learning sciences in practical settings.  
Recommendations 
Extrapolated from the collective resources provided as a result of this study, the 
researcher recognizes a need for the incorporation and integration BBL and BTT concepts in 
education.  Therefore, in alignment with the constructivist view of knowledge acquisition and in 
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consideration of the findings, results, and conclusions of this study, the following five 
recommendations are offered: 
Recommendation 1: Establish a Professional Development Plan for BBL and BTT  
During and after the learning session participants posed the following question several 
times: what’s next?  In other words, the participants expressed interest in sustained learning 
opportunities in regard to BBL and BTT concepts.  The first recommendation as a result of this 
study would involve the creation of a professional development plan complete with a range of 
learning opportunities that not only inform about the research of the learning sciences and the 
impact on teaching and learning but also models the change intended.  The creation of a 
professional development plan dedicated to the exploration of the learning sciences may result in 
sustained shifts in thinking whereas educators consistently consider concepts of BBL and BTT 
for instruction.  A sustained model will also support the qualities necessary for effective 
professional development.  
Recommendation 2: Develop a Guide for Professional Development Facilitators 
Professional development designs are effective when they model the change intended.  
Researchers agree that to promote effective learning experiences, an educator must first 
experience knowledge as a learner.  Thus, the second recommendation emerging from this study 
is the development of a framework for the design of professional development.  The framework 
would serve as a guide to professional development facilitators and include a checklist of 
elements necessary to the implementation of effective learning experiences for educators such as 
modeling the intended change.  The guide would also include tips, suggestions, and strategies for 
leading professional development sessions.  The strategies would align with those encouraged 
for all learners as part of a BBL and BTT design. 
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Recommendation 3: Adopt a Framework to Build Capacity 
Building capacity is an organizational strategy to assist in the improvement of abilities, 
skills, and expertise in relation to a shared goal. The third recommendation extrapolated from 
analysis of this study is to focus a building capacity whereas BBL and BBT concept leaders 
within a school or organization work to transform efforts to increase the consideration of BBL 
and BTT integration for instruction.  BBL and BTT leaders can include administrators, 
classroom teachers, educational leaders, and support personnel that are knowledgeable about 
BBL and BTT as well as committed to the modeling and utilization of correlating strategies in 
their daily practice. As others, inspired by the leaders, begin to explore and adopt the shared 
goals, capacity continues to grow as part of an interrelated system. 
Recommendation 4: Create a Plan for Educating Students About The Brain 
Researchers believe that learners can greatly benefit from an understanding of the 
biological process of learning.  Willis (2009) explains, “to empower students, we must show 
them how they can control their own cognitive and emotional health and their own learning. 
Teaching students how the brain operates is a huge step.”  Thus, the fourth recommendation as a 
result of this study is to discuss and possibly develop a plan for integrating research from the 
learning sciences into educational curriculums for students.  Concepts of BBL and BTT should 
not be viewed solely as content for professional development.  Instead, a focus to empower 
students should be explored.  
Recommendation 5: Encourage Professional Learning as a Means to Continue Exploration 
of BBL and BTT  
In recent years there has been shift in education from professional development to 
professional learning (Learning Forward et al., 2011).  Professional learning is a self-driven 
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ongoing process of inquiry, collaboration, and reflection (Learning Forward et al., 2011).  Thus, 
the fifth and final recommendation resulting from this study is to encourage educators to not only 
participate in structured professional development but also to embrace professional learning as a 
means to stay informed in the area of learning sciences research.  There are numerous resources 
available to assist educators in building their own professional learning communities (PLC).  For 
example, educators may choose to examine online resources, join educational affiliations such as 
the International Society of the Learning Science (ISLS), or enroll in opportunities for learning 
through local organizations and educational conferences.  This recommendation is extended to 
include the development and distribution of a listing of resources to assist educators in exploring 
the latest research while inferring possibilities for instruction. 
The recommendations offered serve to extend the findings, results, and conclusions of the 
study. To that end, the recommendations are designed to challenge current practice and 
ultimately impact the future of teaching and learning.  
Summary 
This explanatory sequential mixed methods study explored the impact of professional 
development designed to model the changed it intends to promote, namely the exploration and 
application of BBL and BTT concepts and strategies. The collective resources as part of this 
study show that the educational implications of research from the learning sciences in education 
are immeasurable.  Awareness and knowledge of BBL and BTT can guide the design of 
instruction, influence pedagogy and strategies for learning, and, ultimately, increase student 
engagement.   
This study sought to explore the impact of BBL and BTT on teaching and learning 
following a learning session designed to model strategies of BBL and BTT.  Overwhelmingly, 
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the data demonstrated an increase in educator awareness and knowledge and, subsequently, 
evidenced an increase in frequency of strategies applied in the classroom.  The application of 
strategies proved beneficial as educators universally reported observances of increased student 
engagement following the pedagogical changes. Given these outcomes, it is clear that research 
from the learning sciences can have a profound impact on elements of teaching and learning and 
thus, its position is solidified as an important consideration for the future of education. 
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Monday,	November	7,	2016	at	10:58:00	AM	Eastern	Standard	Time
Page	1	of	1
Subject: Brain-Targeted	Teaching	(August	23rd)
Date: Monday,	August	22,	2016	at	11:00:53	AM	Eastern	Daylight	Time
From: Parr,	Tara
BCC: Amico,	Anne,	Anspach,	Amanda,	Beddis,	Bryan,	Beddis,	Michele,	Burns,	Brad,	Ciuba,	Suzanne,
Collins,	Debra,	Conaron,	Kathleen,	Conley,	Todd,	CurJs,	Joan,	Dorris,	Amy,	Engler,	Chris,	Miller,
Antonia,	Ferlick,	Kari,	Ferrebee,	Sharon,	Gelman,	Ira,	Heebner,	Megan,	Jordan,	Tony,	Kelley,	Kate,
Lederman,	Leah,	Marr,	Jeanene,	O'Malley,	Jacqueline,	Ponzio,	Damico,	Poysden,	Michael,
Schreiber,	Dr.	Jill,	Tisdale,	Debra,	Tallman,	KaJe,	Woodward,	Mary
Hi All!
Hope your summer is going well with plenty of well-deserved fun, sun, and relaxation!  
As per MyLearningPlan, you are enrolled in the Brain-Targeted Teaching learning session scheduled 
for tomorrow Wednesday, August 23rd.  We will be meeting in the PV HS Library promptly at 
8am.  Please bring your laptop.  If for some reason you are unable to bring it, there will be devices 
available for use.  If you no longer plan to participate in this session, please log on to MLP and choose 
DROP to make room for others interested in the session.  
In addition, as you may or may not be aware, I am currently in a doctoral program at Drexel University.  I 
am hoping use data collected from next week's session in my study (via the pre and post session surveys).  
Attached please find additonal information regarding the study.  I will also provide copies at our learning 
session.  There is no risk to participants…and all responses are (and will remain) anonymous.   Please let 
me know if any questions.   I will collect permission signatures at our session.  THANK YOU for your 
consideration.  
I look forward to our work tomorrow!  
  
Tara L. ParrTechnology	Coordinator	and	LiaisonBlog:	Link	O'the	Month	&	Other	Thoughts!Website:	Learning	with	TechnologyPerkiomen	Valley	School	DistrictCollegeville,	PA
www.pvsd.org
Appendix A: Email to Participants Enrolled in Learning Session
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Drexel University: HRP 502  
Consent Letter for Educator Interviews 
 
Dear Educators, 
 
My name is Tara Parr and I am a doctoral student enrolled at Drexel University. I am 
requesting your assistance with my dissertation study “A Brain-Targeted Teaching 
Framework: Modeling The Intended Change In Professional Development To Increase 
Knowledge Of Learning Sciences Research And Influence Pedagogical Change In K-12 
Public Classrooms.”  You have been selected to participate in this study as an enrolled 
participant in this activity as part of the Perkiomen Valley School District Summer 
Catalog. Participation in the study is voluntary and is up to you. Your decision to 
participate or not to participate will in no way be prejudicial to you.  
 
Purpose of the Study:  
This purpose of this study is to examine if the modeling of BTT strategies in professional 
development will change educators’ awareness and knowledge levels of brain-based 
teaching and learning concepts as well as impact future pedagogy in the classroom.  The 
goal of the professional development experience is threefold in that it will: (a) provide 
educators with brain-based research information with implications for teaching and 
learning, (b) afford an opportunity for educators to experience a BTT model as learners, 
and (c) model the BTT framework for use in the classroom.    
 
Survey Description:  
For this study you will complete three online surveys at different times, including: (1) 
immediately before the learning session, (2) immediately after the learning session, and 
(3) 4 weeks following the learning session.  Each survey will take approximately 15 - 20 
minutes to complete. The survey includes questions about research in the learning 
sciences, your own learning styles and growth, and you’re your pedagogical strategies. It 
should be noted that this research has been reviewed and approved by an Institutional 
Review Board (IRB). An IRB reviews research projects so that steps are taken to protect 
the rights and welfare of humans subjects taking part in the research.   
 
Interview Description:  
Educators who complete the surveys are also invited to participate in a semi-structured 
interview that will allow you to describe your instructional application of the brain-
targeted teaching and learning concepts introduced, discussed, and modeled in the learning 
session. No personal information will be gathered. The interview will take 
approximately 30 minutes. If you would like to you would like to participate in the 
semi- structured interviews, please sign the interview consent that is located on page 2 
of this consent letter. 
 
Participation, Consent & Decision To Quit At Any Time:  
Your participation is voluntary. Having consented to participate in this study, you are 
asked to follow the instructions, provide honest answers, and notify the researcher with 
any questions or concerns. You have the option to withdraw from the study at any time. If 
you do withdraw from the study, your data will not be included in the research. 
 
Appendix B: Consent Letter for Educator Interviews
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Costs, Risks or Discomfort: 
There are no known physical, psychological, legal, economic or social risks anticipated 
from taking part in this study. There are no costs to you for participating in this study. If 
you feel uncomfortable with a question, you can skip that question or withdraw from the 
study altogether. If you decide to quit at any time before you have finished the survey, 
your answers will not be recorded.   
 
Benefits of this Study:  
You will be contributing to knowledge about professional development designed to 
increase educator awareness and knowledge in research from the learning science as well 
as impact classroom pedagogy.  In addition, the design of future learning sessions may 
continue to expand upon the strategies that build upon learning sciences research.  After 
the data collection, you can request more detailed information about the research 
findings.  
 
How The Findings Will Be Used:  
The results of the study will be used by the researcher and for scholarly purposes. The 
results from the study will assist the program with ongoing professional development 
evaluations and may be used at professional conferences and published in professional 
journals. Your information is confidential and anonymous. No personal or self-
identifying information will be shared in the reporting of the data.   
 
Confidentiality: 
Your responses will be kept completely confidential. In presenting the analysis of the 
interview data, your identity will be anonymous; a pseudonym will be used as your ID, 
rather than your actual name. Only the researcher will see your individual interview 
responses and the results of the content analysis from this study. 
 
Contact information:  
If you have questions or concerns about this study, please contact the researcher team, 
Kristen Betts (PI) at kbetts@drexel.edu or Tara Parr (Co-PI) at tp476@drexel.edu.   
 
Interview Consent: 
If you would give consent to enter the sample of participants willing to be interviewed, 
please sign and submit your name and contact information below: 
______________________________________________________________________ 
 
Educator’s First Name:_____________________  Email:__________________________ 
 
Educator’s Signature of Consent to participate in the interview: 
 
 
Thank you for your consideration to participate in this study.  
 
Respectfully yours, 
 
Tara Parr 
Dissertation Student, Drexel University 
Appendix	C:	Letter	Confirming	Permission	for	Study	
Brain-Targeted Teaching Framework 
Professional Development Workshop 
 
Notes & Agenda 
 
Welcome  ​- ​Google Presentation 
● Housekeeping 
○ Consent- questions?  
○ Distribute Chromebooks - if needed 
● Individual Activity 
○ Draw your classroom - pencil only 
● Overview of Day 
○ Review of Agenda 
○ Workshop Info 
● Complete Pre-Survey (via Qualtrics) ​https://goo.gl/ec1AHY  
*separate link for study participants vs workshop attendees only 
 
Part I. Brain Facts ​- ​Google Presentation 
● How the Brain Learns 
○ Einstein’s Brain Story  
○ Activity - Read ​How the Brain Learns​, create a visual representation 
● What we know -NueroMyths - Nearpod Quiz and Discussion 
● What we should know - Key Terms 
○ What, So What, Now What (Google Presenter)  
○ Share 
● Reflecting & Sharing: Implications of Brain Research for Educators/Education 
● ____of the Educator (Wordle?) 
 
Part II.  The Brain Targeted Teaching Model ​- ​Google Presentation 
● The Six Targets  
○ Brief Description of each 
● Delving Deeper into Each Target  (use ​Reflection Sheet​ following each​) 
○ Emotional Climate -  
■ Overview- Talk to the text  
■ Activity - SpotIt!  
■ Reflection Sheet 
○ Physical Environment 
■ Overview- Talk to the text  
■ Activity - Review picture of your classroom/learning environment  
■ Reflection Sheet 
○ Learning Design 
■ Overview- Talk to the text  
■ Activity - Small group discussion  
Appendix D: Learning Session Agenda
■ Reflection Sheet 
○ Teaching to Mastery 
■ Overview- Talk to the text  
■ Activity - Build the learning pyramid 
■ Reflection Sheet 
○ Teaching for Application 
■ Overview- Talk to the text  
■ Activity - Marshmallow Challenge 
■ Reflection Sheet 
○ Evaluating Learning 
■ Overview- Talk to the text  
■ Activity - Plickers 
■ Recognition vs Feedback 
■ Reflection Sheet 
 
 
Conclusions and Closing  
● Share Target Reflections with a Small Group 
● Individual Activity 
○ Ask yourself: ​Are My Students Engaged? 
● Complete Post-Survey (via Qualtrics) ​https://goo.gl/kkmxXz  
*separate link for study participants vs workshop attendees only 
 
The Brain Targeted Teaching Model in Action: 
http://www.braintargetedteaching.org/sampleunits.html 
 
 
 
Brain-Targeted 
Teaching
Workshop Led By 
Tara L. Parr
August 2016
Pre-Survey
Pre Survey
https://goo.gl/ec1AHY 
https://goo.gl/9vVwVQ 
Beginning Task
● Using pencil only- draw your learning space/classroom 
(without students or teachers)
Purpose 
● provide brain-based research information with 
implications for teaching and learning, 
● afford an opportunity for educators to experience a 
BTT model as learners, and 
● model the BTT framework for use in the classroom. 
Disclaimer Inspire
Appendix E: Learning Session Presentation (Intro)
Agenda
Part I. Brain Facts 
Part II.  The Brain 
Targeted Teaching 
Model 
Final Task
Post Survey
https://goo.gl/kkmxXz 
Part I.
Brain Facts -
The Learning 
Organ
Workshop Led By 
Tara L. Parr
August 2016
The Human Head...
But, the human brain...
What Do We Know About The Brain What Do We Know About The Brain
What Do We Know About The Brain What Do We Know About The Brain
Appendix F: Learning Session Presentation (Part I)
Essence of Learning
● Biological Changes
● Perceive → Process → 
Remember Information
● Focus on HOW we 
learn instead of WHAT 
we learn
Nearpod
Connect
Essence of Learning
● Biological Changes
● Perceive → Process → Remember Information
● Focus on HOW we learn instead of WHAT we learn
Article: How the Brain Learns
● Activity: Draw a picture...
What We ‘Know’ as Educators
● Learning themes that guide 
our instruction
● Separating science from 
speculation
What We should Know as Educators
● NeuroEducation/NeuroPedagogy 
(Educational Science)
● Plasticity
● Neurogenesis
● Executive Function
● Dimensions of Learning
● Depth of Knowledge
● Memory Consolidation
What, So What, Now What 
What We should Know as Educators
What - what is it?
So What- why should we care?
Now What - how might this change what we do? 
5-7 words for each
https://goo.gl/dBgLIx
Reflecting & Sharing
Identify & Share one (K) (W) (L) 
within your group
~ know (K) ~
~ wants to know more (W) ~
~ learned (L) ~
The _____ of the Educator 
Power   Possibility  Impossibility  Crutch
Part II.
Brain Targeted 
Teaching Model
Workshop Led By 
Tara L. Parr
August 2016
All learning is brain-based
but 
all teaching is NOT
BTT Model
BY Mariale Hardiman
Influenced by the works of -
● Marzano (Dimensions of Learning)
● Gardner (Multiple Intelligences)
● Bloom (Blooms Taxonomy)
Plus, recent research and developments
BTT Model
What is it? 
A Pedagogical Framework
NOT A CURRICULUM…
Rather  the “how” of teaching (instruction) 
that supports the “what” of teaching (standards and content)
Bridge between research & practice
Six Targets - teaching targeted to how the brain thinks and learns  
interrelated system that guides and informs an approach to instruction 
Dr. Mariale Hardiman - The Brain-Targeted Teaching Model
The Emotional Climate for Learning
Target #1
What Do We Know? 
What's the Impact on Learning? 
What Can Teachers Do?
Appendix G: Learning Session Presentation (Part II)
Talk to the Text
● What Do We Know? 
● What's the Impact on Learning? 
● What Can Teachers Do?
The Emotional Climate for Learning
Target #1
Activity
The Emotional Climate for Learning
Spot It!
http://radiganengineering.com/2013/01/spot-it-howd-they-do-that/
http://www.besteducationalgamesforchildren.com/spot-it-review/ 
This game develops visual and mental processing skills as well as the cognitive skills
● Attention Skills,
● Memory Skills,
● Logical and Reasoning Skill,
● Audio Processing Skill,
● Image Processing Skill, and
● Speed of Processing
Target #1
The Emotional Climate for Learning - 
Reflecting
Best Practice:
● Predictability: Routines, rituals, consistency
● Personal Connection between teacher and student
● Trust and Acceptance
● Safe Classroom Environment
● Positive Language & Encouragement to Shape 
Behaviors
Target #1
● Supportive Corrective Language
● Peer Mediation/ Sharing Circles
● Class Meetings: Control and Choice
● Humor
● Arts Integration
● Celebration
● Student self-evaluation checklist
Reflecting
Creating The Physical Learning Environment
Target #2Reference - Brain-Targeted Teaching Website
What Do We Know? 
What's the Impact on Learning? 
What Can Teachers Do?
Talk to the Text
● What Do We Know? 
● What's the Impact on Learning? 
● What Can Teachers Do?
Creating The Physical Learning Environment
Target #2
Activity
Creating The Physical Learning Environment
Best Practice
● Use  horizontal and vertical spaces to 
add color and beauty while reflecting 
the current learning unit and student 
work.
● Change classroom displays 
frequently.
● Establish order and engage students 
in routine care of the classroom.
Target #2
Reflecting
● Use soft background music when student are 
performing routine task.
● Soften harsh lights with lamps; use natural light.
● Create flexible seating arrangements and design 
space to facilitate movement.
● Allow for water breaks.
● Decorate the room with plants, terrariums, or 
other common household items.
Designing the Learning Experience
Target #3Reference - Brain-Targeted Teaching Website
What Do We Know? 
What's the Impact on Learning? 
What Can Teachers Do?
Designing the Learning Experience
Target #3Reference - Brain-Targeted Teaching Website
Activity
Designing the Learning Experience
Target #3
Small Group Discussion
The BTT text explains that many teachers continue to teach their content with a focus on 
“coverage”, referring to that approach to curriculum as an “inch deep and mile wide”.  
Discuss:
● What does that mean?
● What are some of the reasons teachers may continue to teach with a focus on covering 
content rather than deep understanding? 
● What are some ways educators can balance covering content while helping 
students develop deep and enduring understanding?
Designing the Learning Experience
Best Practice
● Use content standards to design unit scope 
and sequences.
● Use scope and sequences to design learning 
units.
● Begin learning units by allowing students to 
see “big-picture” concepts.
Target #3
● Use concept maps to allow students to understand 
concepts through nonlinguistic representation.
● Design broad learning goals; allow students to 
design a personalized learning goal.
● Design specific objectives that state what students 
will know and be able to do as a result of 
instruction.
Reflecting
Teaching for Mastery of Content, Skills, & Concepts
Target #4
What Do We Know? 
What's the Impact on Learning? 
What Can Teachers Do?
Teaching for Mastery of Content, Skills, & Concepts - 
Activity
Who is here…
Based on the intros this morning...how many teachers from MSE?
How many math teachers?
How many …
Did any name/position/fact jump out at you?  Why?
Target #4
Teaching for Mastery of Content, Skills, & Concepts - 
Activity
Target #4
Activity
Focus on HOW we learn instead of WHAT we learn
Build the Learning Pyramid
Teaching for Mastery of Content, Skills, & Concepts
Target #4
F
file-> make copy's
Teaching for Mastery of Content, Skills, & Concepts
Best Practice
● Vary learning tasks that provide novelty to sustain attention and differentiate 
for the needs of the learners.
●  Use multiple modalities and technology.
●  Integrate arts into instructional activities to help sustain memory: The arts 
integrate thought, feeling, and action: Visual Arts seeing and doing; Dance  
movement; Drama acting out; Music  listening & playing
● The arts help to make a memory imprint of concept and skills.  
Target #4
Reflecting
Teaching for the Extension & Application of Knowledge 
Target #5
What Do We Know? 
What's the Impact on Learning? 
What Can Teachers Do?
Teaching for the Extension & Application of Knowledge 
Target #5
Activity
Developing Critical Thinking Skills - The Marshmallow Challenge
“The task is simple: in eighteen minutes, teams must build the tallest free-standing structure out of 20 
sticks of spaghetti, one yard of tape, one yard of string, and one marshmallow. The marshmallow needs 
to be on top”
Teaching for the Extension & Application of Knowledge 
Target #5
The Marshmallow Challenge - The Task & Rules
The task is simple: in eighteen minutes, teams must build the tallest 
free-standing structure out of 20 sticks of spaghetti, one yard of tape, one yard 
of string, and one marshmallow. The marshmallow needs to be on top.
The Marshmallow Challenge - Lessons Learned
● Kindergartners vs Adults
● Planning, Reflecting, Design, Redesign
● Marshmallow metaphor - The assumption in the Marshmallow 
Challenge is that marshmallows are light and fluffy and easily 
supported by the spaghetti sticks. When you actually try to build 
the structure, the marshmallows don’t seem so light. The lesson in 
the marshmallow challenge is that we need to identify the 
assumptions in our project – the real student needs, the 
curriculum v. the learning, the time allowances and constraints, 
etc – and reflect upon them early and often. 
The Marshmallow Challenge - Lessons Learned
● What did this activity show you about yourself?
● What did this activity show you about working as a team? 
● What will you take away from this lesson? 
● How will this help you be a better educator?
Teaching for the Extension & Application of Knowledge 
Best Practice
● Compare and contrast elements
● Classify information
● Inductive thinking: drawing generalities from 
specific parts
● Deductive thinking: making predictions based 
on generalizations
● Analyze error patterns
Target #5
● Analyze perspective
● Create metaphors and analogies
● Conduct investigations; design experiments
● Solve problems using real-world contexts
● Integrate visual and performing arts into 
curriculum
Reflecting
Teaching for the Extension & Application of Knowledge 
What are my creative skills?
http://www.testmycreativity.com/
Target #5
Evaluating Learning
Target #6Reference - Brain-Targeted Teaching Website
What Do We Know? 
What's the Impact on Learning? 
What Can Teachers Do?
Evaluating Learning
Target #6
Activity
Evaluating Learning
Best Practice
● Written comments on documents
● Conferences with guiding questions
● Post examples of varying proficiency levels 
and have students evaluate best responses
● Create a visual such as an illustration or graph 
to exemplify a point
● Peer review
Target #6
● Use of a checklist
● Scoring tools such as rubrics
● Asking learners to self-assess using a scoring 
tool and then providing feedback
● Collective feedback time where you discuss 
feedback as a group
● Portfolio assessment
Reflecting
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Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Agree
Somewhat agree
Neither agree nor disagree
Welcome
A Brain­Targeted Teaching Framework:
Modeling The Intended Change in Professional Development to Increase Knowledge of Learning
Sciences Research and Influence Pedagogical Change In K­12 Public Classrooms
This study is being conducted by Tara L. Parr, a Drexel University graduate student in the Ed.D. in Educational Leadership &
Management Program. This study is in conjunction with Ms. Parr's dissertation.
The purpose of this study is to examine the impact following professional development designed to inform about brain­based
concepts while implementing a Brain­Targeted Teaching (BTT) Model (Hardiman, 2012).  Specifically, the study will examine
the impact on educator awareness and knowledge of brain­based concepts for teaching and learning as well as the influence
on educator’s pedagogy in the classroom. 
Your completion of this survey is voluntary. At any point, you may stop taking the survey, and your responses will not be
counted. There is no penalty for not participating in the study. To be included in the study, you need to submit your responses
to the questions on the survey.
The information collected will be solely used for the purposes of this study. No personal information will be collected. The
data collected from the responses will be anonymous, confidential, and only accessible by the researcher, Tara Parr.
As a consenting participant in this study, please be reminded that you may be randomly selected to participate in a 30­minute
interview.  
Your feedback is important.  Please answer all questions openly and honestly.  
Thank you!
 
 
Hardiman, M. (2012). The Brain­Targeted Teaching Model for 21st­century schools. Thousand Oaks, CA: Corwin.
Pre­Learning Session Survey
Teaching and Learning Principles
Teaching and Learning Principles
Learning is based on biological changes.
Learning best occurs through interaction with information.
Appendix A: Pre-session SurveyDH:
11/6/2016 Qualtrics Survey Software
https://drexel.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview 2/6
Somewhat disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Teacher­driven instruction is very effective.
Learning activities should provide opportunity for exploration, invention, and creative application.
Learners are dominantly right­brained or left­brained.  A right­brain learner is generally creative,
intuitive, artsy, while a left­brain learner is more of a problem­solver, more linear, logical.
Humans use only 10% of their brain.
Differentiation means teaching to the student's learning style.
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Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
When designing instruction, educators benefit from a basic understanding of brain structure and
function.
Identify the extent to which you are familiar with the following concepts.
     
Not
familiar
at all
Slightly
familiar
Moderately
familiar
Very
familiar
Extremely
familiar
A positive emotional climate paves the way for higher levels
of learning and performance.
   
Novelty in the environment can foster attention.    
Environmental factors such as lighting, sound, scent, order
and opportunity for movement can enhance the learning
experiences.
   
Active learning enhances long term retention of content.    
Applying knowledge in real-world settings engages multiple
and complex systems of retrieval and integration.
   
Timely feedback about performance is useful as a means of
reinforcing students' knowledge.
   
Relevant feedback about performance is useful as a means
of reinforcing students knowledge.
   
Identify the extent to which the following is important for learning.
     
Not at all
important
Slightly
important
Moderately
important
Very
important
Extremely
important
An environment that fosters creative thinking.    
An environment that is supportive and challenging.    
An environment where movement is encouraged.    
An environment where questioning is encouraged.    
Definitions of Teaching and Learning
Definitions of Teaching and Learning
To the best of your knowledge, and in your own words, define Brain­Based Learning.  If you are
uncertain, provide an educated guess.
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Classroom Teacher - Regular Education
Special Area Teacher
Special Education-Classroom Teacher
Special Education - Support
Support Services
I choose not to respond
Lower Elementary, Grade K-2
Upper Elementary, Grade 3-5
To the best of your knowledge, and in your own words, define Brain­Based Teaching.  If you are
uncertain, provide an educated guess.
To the best of your knowledge, and in your own words, define NeuroPedagogy.  If you are uncertain,
provide an educated guess.
To the best of your knowledge, and in your own words, define Neuroplasticity. If you are uncertain,
provide an educated guess.
Demographic Information
Demographic Information
Position ­ choose the answer that best applies
Level ­ choose the answer that best applies
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Middle Level, Grade 6-8
High School, Grade 9-12
Male
Female
Other gender identity- please specify
I choose not to respond
1- 5 years
6-10 years
11-15 years
16-20 years
21-25 years
25+ years
Art
Business Education
Computer Education
Gifted Education
Grade K-2
Grade 3-5
Language Arts/English
Learning Support
Library
Mathematics
Music
Physical Education
Science
Social Studies
Speech Therapy
Technology Education
World Language
Other (please specify)
Gender
Years Teaching Experience
Grade Level/Subject Area ­ choose the answer that best applies
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Yes, I grant permission.
No, I do not grant permission.
Do you grant permission for the potential use of quotations from open­ended responses for
reporting, professional presentations, and/or publications? Note: If you grant permission, no self­
identifying information will be included with the quotations.
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Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Welcome
A Brain­Targeted Teaching Framework:
Modeling The Intended Change In Professional Development To Increase Knowledge Of Learning
Sciences Research  and Influence Pedagogical Change In K­12 Public Classrooms
This study is being conducted by Tara L. Parr, a Drexel University graduate student in the Ed.D. in
Educational Leadership & Management Program. This study is in conjunction with Ms. Parr's
dissertation.
The purpose of this study is to examine the impact following professional development designed to
inform about brain­based concepts while implementing a Brain­Targeted Teaching (BTT) Model
(Hardiman, 2012).  Specifically, the study will examine the impact on educator awareness and
knowledge of brain­based concepts for teaching and learning as well as the influence on educator’s
pedagogy in the classroom. 
Your completion of this survey is voluntary. At any point, you may stop taking the survey, and your
responses will not be counted. There is no penalty for not participating in the study. To be included in
the study, you need to submit your responses to the questions on the survey.
The information collected will be solely used for the purposes of this study. No personal information
will be collected. The data collected from the responses will be anonymous, confidential, and
only accessible by the researcher, Tara Parr.
As a consenting participant in this study, please be reminded that you may be randomly selected
to participate in a 30­minute interview.  
Your feedback is important.  Please answer all questions openly and honestly.  Thank you!
Hardiman, M. (2012). The Brain­Targeted Teaching Model for 21st­century schools. Thousand Oaks, CA: Corwin.
Post­Learning Session Survey 1
Teaching and Learning Principles
Teaching and Learning Principles
Learning is based on biological changes.
Learning best occurs through interaction with information
Appendix B: Immediate Post-session SurveyE:I:
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Strongly agree
Agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Teacher­driven instruction is very effective.
Learning activities should provide opportunity for exploration, invention, and creative application.
Learners are dominantly right­brained or left­brained.  A right­brain learner is generally creative,
intuitive, artsy, while a left­brain learner is more of a problem­solver, more linear, logical.
Humans use only 10% of their brain.
Differentiation means teaching to the student's learning style.
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Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
Strongly agree
Somewhat agree
Neither agree nor disagree
Somewhat disagree
Strongly disagree
When designing instruction, educators benefit from a basic understanding of brain structure and
function.
Identify the extent to which you are familiar with the following concepts.
     
Not
familiar
at all
Slightly
familiar
Moderately
familiar
Very
familiar
Extremely
familiar
A positive emotional climate paves the way for higher levels
of learning and performance.
   
Novelty in the environment can foster attention.    
Environmental factors such as lighting, sound, scent, order
and opportunity for movement can enhance the learning
experiences.
   
Active learning enhances long term retention of content.    
Applying knowledge in real-world settings engages multiple
and complex systems of retrieval and integration.
   
Timely feedback about performance is useful as a means of
reinforcing students' knowledge.
   
Relevant feedback about performance is useful as a means
of reinforcing students knowledge.
   
Identify the extent to which the following is important for learning.
     
Not at all
important
Slightly
important
Moderately
important
Very
important
Extremely
important
An environment that fosters creative thinking.    
An environment that is supportive and challenging.    
An environment where movement is encouraged.    
An environment where questioning is encouraged.    
Applied Strategies for Teaching and Learning
Applied Strategies for Teaching and Learning
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As an educator (prior to today's learning session), identify the extent to which you encouraged your
students to...
      Never Sometimes
About half
the time
Most of the
time Always
Set their own learning goals (e.g. determine
what they need to learn).
   
Set their own process goals (e.g. determine
what tasks are required to achieve their
learning goals).
   
Identify strategies for achieving their goals.    
Choose in how they demonstrate learning
(assessment)
   
Revise goals when necessary.    
As an educator (prior to today's learning session), identify the extent to which you encouraged your
students to...
      Never Sometimes
About half
the time
Most of the
time Always
Adjust their actions on their own to achieve
goals.
   
Give constructive feedback to their peers.    
Reflect on their process of achieving their goals.    
Evaluate their own work.    
As an educator (prior to today's learning session), identify the extent to which you agree with the
following statements.  
     
Strongly
disagree Disagree
Somewhat
disagree
Neither
agree nor
disagree
Somewhat
agree
Strongly
agree
My students can articulate what is expected of
them.
   
My students know how they are being
evaluated.
   
My students work well with their peers.    
Definitions of Teaching and Learning
Definitions of Teaching and Learning
In your own words, define Brain ­Based Learning.
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Classroom Teacher - Regular Education
Special Area Teacher
Special Education-Classroom Teacher
Special Education - Support
Support Services
I choose not to respond
In your own words, define Brain ­Based Teaching. 
In your own words, define Neuropedagogy.
In your own words, define Neuroplasticity.
post1
Please share any additional thoughts you may have in response to your experience in this learning
session.
Demographic Information
Demographic Information
Position ­ choose the answer that best applies
Level ­ choose the answer that best applies
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Lower Elementary, Grade K-2
Upper Elementary, Grade 3-5
Middle Level, Grade 6-8
High School, Grade 9-12
Male
Female
Other gender identity- please specify
I choose not to respond
1- 5 years
6-10 years
11-15 years
16-20 years
21-25 years
25+ years
Art
Business Education
Computer Education
Gifted Education
Grade K-2
Grade 3-5
Language Arts/English
Learning Support
Library
Mathematics
Music
Physical Education
Science
Social Studies
Speech Therapy
Technology Education
Gender
Years Teaching Experience
Grade Level/Subject Area ­ choose the answer that best applies
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World Language
Other (please specify)
Yes, I grant permission.
No, I do not grant permission.
Do you grant permission for the potential use of quotations from open­ended responses for
reporting, professional presentations, and/or publications? Note: If you grant permission, no self­
identifying information will be included with the quotations.
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Welcome
A Brain­Targeted Teaching Framework:
Modeling The Intended Change In Professional Development To Increase
Knowledge Of Learning Sciences Research 
and Influence Pedagogical Change In K­12 Public Classrooms
This study is being conducted by Tara L. Parr, a Drexel University graduate student in the Ed.D. in Educational
Leadership & Management Program. This study is in conjunction with Ms. Parr's dissertation.
The purpose of this study is to examine the impact following professional development designed to inform about brain­
based concepts while implementing a Brain­Targeted Teaching (BTT) Model (Hardiman, 2012).  Specifically, the study
will examine the impact on educator awareness and knowledge of brain­based concepts for teaching and learning as well
as the influence on educator’s pedagogy in the classroom. 
Your completion of this survey is voluntary. At any point, you may stop taking the survey, and your responses will not be
counted. There is no penalty for not participating in the study. To be included in the study, you need to submit your
responses to the questions on the survey.
The information collected will be solely used for the purposes of this study. No personal information will be collected.
The data collected from the responses will be anonymous, confidential, and only accessible by the researcher, Tara Parr.
As a consenting participant in this study, please be reminded that you may be randomly selected to participate in a 30­
minute interview.  
Your feedback is important.  Please answer all questions openly and honestly.  
Thank you!
Hardiman, M. (2012). The Brain­Targeted Teaching Model for 21st­century schools. Thousand Oaks, CA: Corwin.
Post­Learning Session Survey 2
Applied Strategies for Teaching and Learning (post 1 & post 2)
Applied Strategies for Teaching and Learning
Considering the current school year, identify the extent to which you encourage your students to...
      Never Sometimes
About half
the time
Most of
the time Always
Set their own learning goals (e.g. determine
what they need to learn).
   
Set their own process goals (e.g. determine
what tasks are required to achieve their
learning goals).
   
Identify strategies for achieving their goals.    
Choose how they demonstrate learning
(assessment)
   
Revise goals when necessary.    
Appendix C: Delayed Post-session SurveyFJ:
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Considering the current school year, identify the extent to which you encourage your students to...
      Never Sometimes
About half
the time
Most of
the time Always
Adjust their actions on their own to achieve
goals.
   
Give constructive feedback to their peers.    
Reflect on their process of achieving their goals.    
Evaluate their own work.    
Considering the current school year, identify the extent to which you agree with the following
statements.
     
Strongly
disagree Disagree
Somewhat
disagree
Neither
agree
nor
disagree
Somewhat
agree
Strongly
agree
My students can articulate what is expected of
them.
   
My students know how they are being
evaluated.
   
My students work well with their peers.    
Application (post 2)
Considering the current school year, indicate the extent to which you've applied/implemented
strategies in the following Brain­Target areas.
     
Do Not Plan to
Apply
Plan to apply
but have not yet
Applied with
same frequency
Applied with
more frequency
following
learning session
Emotional Climate for Learning    
The Physical Learning Environment    
Designing the Learning Experience    
Mastery of Skills, Content, and
Concepts
   
Extending and Applying Knowledge    
Evaluating Learning    
Considering the current school year, identify the extent to which you have applied/implemented
the following Brain­Targeted Teaching strategies in your instructional practice. 
     
Do Not Plan to
Apply
Plan to apply
but have not yet
Applied with
same frequency
Applied with
more frequency
following
learning session
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I minimize threat-causing practices in
my the classroom while maximizing
strategies that promote positive
emotion.
   
I design a physical learning
environment based on novelty, order,
and beauty.
   
I use content standards and curriculum
guidelines to design overarching goals
and concepts.
   
I employ multiple ways to manipulate
content, skills, and concepts.
   
I utilize formative assessment
strategies as part of instruction.
   
I enhance meaningful connections to
knowledge through such activities as
musical performance, visual
representations, creative movement,
drama, poetry, and creative writing.
   
I design real-world activities for my
students (such as conducting
investigations, examining cause and
effect patterns, analyzing perspective,
and engaging in creative thinking).
   
I use a variety of methods (such as
scoring rubrics, keys, checklists, self-
evaluations, and reflections) to
measure what my students know.
   
Considering the current school year, indicate your perceived level of effectiveness that each of the
Brain Targets has had on students.
      N/A
Not
effective
Slightly
effective
Moderately
effective
Very
effective
Extremely
effective
Emotional Climate for Learning    
The Physical Learning Environment    
Designing the Learning Experience    
Mastery of Skills, Content, and Concepts    
Extending and Applying Knowledge    
Evaluating Learning    
Block 4
In what way(s) did your experience of the learning session impact your views as an
educator?  Explain your answer.  If not applicable, please indicate n/a in the text box below.
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Classroom Teacher - Regular Education
What changes, if any, have you made to your instructional approach based on attending
the learning session?  Explain your answer.  If not applicable, please indicate n/a in the text box
below.
Reflect upon the experiences of your students as a result of any changes you've implemented since
attending the learning session.   Note any observations you've had.  For example, students are
more engaged, questioning has increased, there is increased comfort in student talk, students can
explaining big picture ideas ....etc. If not applicable, please indicate n/a in the text box below.
Feel free to share any additional comments  (i.e. "Ive added plants to my room", "Student desks
are no longer in rows", "The addition of a plug­in air freshener has been positively accepted",
"There have been no changes in my classroom.  Who has time?", "Id like to see follow­up
sessions", etc.)
Demographic Information (pre1, post1, and post 2)
Demographic Information
Position ­ choose the answer that best applies
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Special Area Teacher
Special Education-Classroom Teacher
Special Education - Support
Support Services
I choose not to respond
Lower Elementary, Grade K-2
Upper Elementary, Grade 3-5
Middle Level, Grade 6-8
High School, Grade 9-12
Male
Female
Other gender identity- please specify
I choose not to respond
1- 5 years
6-10 years
11-15 years
16-20 years
21-25 years
25+ years
Art
Business Education
Computer Education
Gifted Education
Grade K-2
Grade 3-5
Language Arts/English
Level ­ choose the answer that best applies
Gender
Years Teaching Experience
Grade Level/Subject Area ­ choose the answer that best applies
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Learning Support
Library
Mathematics
Music
Physical Education
Science
Social Studies
Speech Therapy
Technology Education
World Language
Other (please specify)
Yes, I grant permission.
No, I do not grant permission.
Do you grant permission for the potential use of quotations from open­ended responses for reporting, professional
presentations, and/or publications? Note: If you grant permission, no self­identifying information will be included with
the quotations.
 
 
 
Appendix G - Interview Protocol 
 
A Brain-Targeted Teaching Framework: 
Qualitative Interview Protocol 
 
This interview is intended for us to gain an understanding your awareness and 
knowledge regarding Brain-Targeted teaching and learning concepts as well as examine 
the impact of the your experience on pedagogy in your classroom. 
 
Please respond to the following questions considering your experience since attending 
the learning session in mid-August 2016. Please provide as much detail as possible. If 
you feel uncomfortable with a question, you can skip that question. You may stop 
participating in the interview at any point without penalty and your responses will not 
be counted.  
 
 
1. In your own words, explain the difference between brain-targeted learning and 
brain-targeted teaching? 
 
2. Part of the goal in August was to help educators understand the experiences of 
their students.  Describe your experience as a learner in the session title Brain 
Targeted Teaching (held in mid-August 2016) in regard to: 
a. Environment 
b. Engagement (interaction/collaboration) 
c. Evaluation/feedback 
 
3. In what way(s) did your experience of the learning session impact your views as 
an educator?  Explain your answer. 
 
4. What changes, if any, have you made to your instructional approach based on 
attending the learning session?  Please explain. 
 
5. In professional development, we often talk about take-aways.  What take-away 
strategies have you applied in your classroom/plan to apply in your classroom?  
Please explain. 
 
6. What have you noticed about your students in response to the changes you’ve 
applied/implemented? 
 
7. What information gained in the learning session most surprised you about 
teaching and learning? 
 
8. What, if anything, have you discovered about yourself as a learner? 
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Appendix L: Paired T-test Output of Knowledge of BBL and BTT 
Concepts Comparing Pre Data and Immediate Post Data
     
  T-Test: Pre and Immediate Post Knowledge Levels
[DataSet1] 
Paired Samples Statistics
Mean N Std. Deviation
Std. Error 
Mean
Pair 1 PostScore
PreScore
26.60 4 4 3.330 .502
20.70 4 4 3.370 .508
Paired Samples Correlations
N Correlation Sig.
Pair 1 PostScore & PreScore 4 4 - .208 .176
Paired Samples Test
Paired Differences
Mean Std. Deviation
Std. Error 
Mean
95% 
Confidence ...
Lower
Pair 1 PostScore - PreScore 5.841 5.207 .785 4.258 7.424
Paired Samples Test
Paired ...
t df Sig. (2-tailed)
95% Confidence 
Interval of the ...
Upper
Pair 1 PostScore - PreScore 7.424 7.441 4 3 .000
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Appendix M: Paired T-test Output of Knowledge of BBL and 
BTT Concepts Comparing Pre Data and Immediate Post Data
T-Test
Paired Samples Statistics
Mean N Std. Deviation
Std. Error 
Mean
Pair 1 Post2Score
Post1Score
44.138 2 9 7.2443 1.3452
37.400 2 9 5.8157 1.0800
Paired Samples Correlations
N Correlation Sig.
Pair 1 Post2Score & Post1Score 2 9 .168 .383
Paired Samples Test
Paired Differences
Mean Std. Deviation
Std. Error 
Mean
95% 
Confidence ...
Lower
Pair 1 Post2Score - Post1Score 7.7241 8.4933 1.5772 4.4935 10.9548
Paired Samples Test
Paired ...
t df Sig. (2-tailed)
95% Confidence 
Interval of the ...
Upper
Pair 1 Post2Score - Post1Score 10.9548 4.898 2 8 .000
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Appendix N: Paired T-test Output of Reported Frequency of Application 
of BTT Strategies Comparing Immediate Post Data and Delayed Post Data
Appendix	H:	Nearpod	Interactive	Lesson			
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